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PREFACE TO THE THIRTEENTH EDITION 


When the first edition of this book appeared, in 1899, it was recog- 
nized as being “the first severely critical, rigorously scientific, general 
text-book to be written in English by an experimental pharmacologist,” 
For a quarter of a century successive editions from Cushny’s master 
hand played an important part in sifting and promulgating the advances 
in knowledge of the subject with which it deals. In the preface to the- 
eighth edition (1924) he quoted prophetically from “the Schoole of 
Salerne” (1007) the farewell verse: 


God grant that Physicke you may never need. 

When Cushny himself “ceased to write,” Professor C. W. Edmunds 
of the University of Michigan and Professor J. A. Gunn of the University 
of Oxford were entrusted with the task of preparing the ninth, tenth, 
eleventh and twelfth editions. These eminent pharmacologists main- 
tained, not merely the critical spirit of the book, but the text as far as 
was possible. Their success is evidenced by the way in which the book 
has maintained its popularity with teachers and students. 

Since the appearance of the last edition in 1940 Professor Edmunds 
has died and Professor Gunn has resigned, which necessitcd the ap- 
pointment of the present editors to prepare the present revision. We 
have attempted to bring the subject matter up-to-date with as little 
violence as possible to the original spirit of the text. 

Pharmacology during recent years has undergone notable advances 
particularly in the fields of chemotherapy, endocrinology, and the 


titioner of medicine rather than a compendium of pharmacological 
knowledge. Some of the older material on the effect of drugs on isolated 
organs or the anesthetized animal, which formed the mainstay of clas- 
sical pharmacology, has been deleted in favor of the more practical 
therapeutics of modern medicine. Wc feel that it is only hv emphasis 
on the scientific basis of therapeutics that modem pharmacology can 
assume the important role in the medical curriculum u Inch it merits. 

The present edition incorporates changes introduced by the publica- 
tion of the twelfth decennial revision of the Pharmacopeia of the United 
States (1942), tiic British Pharmacopeia of 1932, and their respective 
supplements. 



* 

♦ • • 

4 PREFACE TO THE THIRTEENTH EDITION 

No strictly scientific or completely logical arrangement of the hetero- 
geneous group of substances used as drugs is yet possible. Drugs grouped 
together by reason of possessing a common pharmacological action may 
differ from one another in respect of other pharmacological actions; 
drugs used for a specific therapeutic purpose may have little otherwise 
in common either chemically or pharmacologically. In spite of this, 
the subject can be made more intelligible and repetition can be avoided 
by such arrangement as is possible. In this book drugs are grouped 
together sometimes because they act at a common point, e. g., hypnotics; 
sometimes because they have a common therapeutic use, e. g., anthel- 
mintics; and sometimes because of a chemical similarity, e. g. f heavy 
metals. When in doubt, we have decided the arrangement with a view 
to convenience in teaching the subject and ease of learning it. 

In compiling the references at the end of each section we have con- 
tented ourselves, as was Cushny’s practice, with giving such references 
as either indicate pioneer researches on a particular subject or as contain 
in themselves a good bibliography. 

A. G. 

D. S. 

Dallas, Texas. 



ARTHUR ROBERTSON CUSHNY 

(1866-1926) 


Dr. Arthur R. Cushny was born at Fochabers, Scotland, on March C, 
1866. He was educated at the local school and subsequently at the 
University of Aberdeen, where he graduated M.A. in 18S6 and M.B.C.M. 
(with highest honors) in 1889. Under tenure of a fellowship awarded 
by his University, he worked for a year at Berne under the celebrated 
physiologist, Hugo Kronecker, and later at Strassburg under Oswald 
Schmiedeberg, then the most distinguished pharmacologist in Europe. 
After acting for two years as assistant to Schmiedeberg, he was invited 
to succeed J. J. Abel in the chair of Pharmacology at Ann Arbor. Here 
he remained until 1905, when he returned to England to become the 
first occupant of the chair of P' ■ T> • College, 

London, and in 1918 succeeded Si ■ where 

he remained until his sudden deaiu »u 1 j-u. 

One of his most important contributions to medical science was his 
research upon the pathological physiology of the mammalian heart, 
and especially his study of . the cardiac arrhythmias. These studies led 
him to conclude that auricular fibrillation was probably a cause of 
certain forms of cardiac irregularities which were seen in the human 
subject. As is well known, this theory was later shown to be correct 
by studies carried out upon patients by workers in various parts of 
the world. 

Other outstanding contributions were his study of the action of the 
digitalis glucosides, culminating in his monograph, “The Action and 
Uses in Medicine of Digitalis and Its Allies,” 1925; his investigations 
of the function of the kidney and the action of diuretics, leading up to 
the critical summary, “The Secretion of Urine,” published in 1917. His 
quantitative study of the action of the optical isomers was made the 
subject of the Dohme Lectures, delivered at Johns Hopkins University 
in 1925, under the general title, “Biological Relations of Optically Iso- 
meric Substances.” Apart from these major interests, he made a large 
number of important researches covering a wide field of pharmacological 
inquiry, as shown by the bibliography which appeared in the Journal 
of Pharmacology and Experimental Therapeutics (27, 265, 1920). 

Dr. Cushny possessed to an unusual degree a constructive and original 
mind with balanced and critical judgment. These qualities ndded to 
his unswerving love and pursuit of truth, the breadth and accuracy of 
his knowledge, and his power of gaining the affections of his fellow 
workers all over the world, mnde him one of the most influential figures 
in the great advances of pharmacology in the first quarter of the twen- 
tieth century. 


( 5 ) 




CONTENTS . 


Introduction 

Method of Action of Drugs ... .... 

Stimulation, Depression, Irritation V 

Distribution and Concentration . y 
Elective Affinity of Drugs. Protoplasm Poisons - 
Local, General and Remote Actions . 

General Theories of Pharmacological Action 
Chemical Constitution and Pharmacological Action 
Pharmacological Syndromes 
Chemotherapy 

Conditions Modifying the Effects of Drugs 

Methods of Administration 

The Chemical Characters of Drugs 

The Pharmacopoeias and Pharmacopceial Preparations 

Biological Assay . . 

Preparations in the U S.P. Requiring Biological Assay 
Preparations in the B P. Requiring Biological Assay 



17 

18 
18 

19 

20 
21 
22 
23 
29 
33 
35 

38 

39 

40 


TART I 

THE ACTION OF INORGANIC SUBSTANCES 


I. Water and Salts 43 

1. Water ... 48 

2. Sodium Chloride 52 

3 Saline Diuretics .53 

II. Salts of the Alkalies . . 53 

1. Potassium Salts 53 

2. Lithium, Cirsium, Rubidium . . ... 55 

3 Ammonium £ . 5G 

III. Salts of the Alkaline Earths ■ — .... 59 

1. Calcium ... ^) . . . . . 59 

3. Strontium Vv »-~^ .... G4 

4. Magnesium Salts . 65 

tV. Miscellaneous Anions • • • ... .00 

1. Phosphates . - - ... GO 

2. Oxalates . .07 

3. Fluorides . . • 08 

4. Sulfides .... • - .6S 

5. Iodides and Iodine ..... .70 

V. Alkalies .... .78 

1. Hydrates and Carbonates of the Fixed Alkalies . . 78 

2. Acetates, Lactates and Citrates . .83 

3. Ammonia and Carbonate of Ammonia 85 

VI. Acids . ... . SO 

VII. Oxygen 92 


(7) 



CONTENTS 


VIII. Carbon Dioxide . gg 

IX. Carbon Monoxide ........ .... .09 

X. Helium 100 

XI. Heavy Metals and Metalloids ... 100 

A. Metals . . . . . . .... 100 

I. Iron . . '107 

II. Copper . . 115 

III. Zinc . us 

IV. Aluminum .... .... 121 

V. Lead .... . .... 123 

VI. Silver . . 131 

VII. Mercury . 135 

VIII. Minor Metals . ... 147 

B. Metalloids ... .. 154 

I. Bismuth ... 154 

II. Antimony . . . . IG0 

III. Arsenic 165 

IV. Organic Arsenic Combinations 177 

V. Phosphorus ... . . 187 


PAItT II 

SUBSTANCES WHICH ARE CHARACTERIZED CHIEFLY BY THEIR 
LOCAL ACTION 


I. Skin and Mucous Membranous Protectives -191 

1. Demulcents ... 191 

2. Emollients and Protectives .193 

II. Skin Irritants and Counter-irritation 197 

1. The Turpentine Oil Group . ... 202 

2. Mustard - 203 

3 . Canthnridin • • 204 

4. Toxic Skin Irritants . . . . 205 

til. Volatile Oil Series . . ... .... 2Q7 

1. Camphor ... ... . . . 209 

2. Malodorous Oils 213 

IV. Drugs Affecting Taste ... ... 214 

1. Sugar 214 

2. Flavoring Substances . . . 215 

3. Volatile Oils Used as Flavoring Agents and Carminatives . 215 

4. Simple Bitters ... • .218 

5. Pepper Group . ... 220 

V. Digestive Ferments . . • ... 220 

1. Pepsin ... ..... 220 

' 2. Pancreatic Ferments • ... 221 

3. Vegetable Ferments • ... 221 

4. Diastase . • 222 

5. Bile and Bile Salts • • 222 

VI. Vegetable Astringents— -Tannic Acid Series . 224 

1. Charcoal ... • 227 

VII. Purgatives • 228 

1. Mild Aperients, the Castor Oil Group - . 231 

2. The Anthracene Purgatives and Phenolphthalein . 233 

3. The Jalap and Colocynth Group 236 

4 . Saline Cathartics ... . 239 



PART III 


SUBSTANCES CHARACTERIZED CHIEFLY BY THEIR ACTION 
AFTER ABSORPTION 


A. Depressants of the Central Nervous System 

I. Narcotics of the Methane Series 
Alcohol-Chloroform Group 
II General Anesthetics 

l^i^Ether and Chloroform 
\y^l. Nitrous Oxide 

3. Ethylene 

4. Cyclopropane 

5. Tribromoethanol (Avertin) 

III. Seditives and Hypnotics 

Chloral Group 

J , Barbituric Acid Group 

IVTOpium Series 

V-Other Analgesics . 

Cannabis ~" 

I XI I. Apomorphine 
*vIII. Bromides «. 

" /, JX. Anticonvumnts , 

B. Stimulants of the Central Nervous System 

^ Strychnine > 

Wl. pjcrotoxrn 
III. Other Analeptics 

Mefouot and Nikethamide . 

IV The Xanthines S^Cc C 

>-+ Caffeine, Theobromine and TheophyWcfc 
Coffee and Tea 

Minor Diuretics ' " v 

C. Bocal Anesthetic^ 

L-T. Cocaine # *• 

II Other Local Anesthetics ‘ ^ 

D Curare Group * 

l^L Curare • . 

If. Intocostrfn 

W UI. Other Cura rizing Drugs V, 

E Substances Acting on the Autonomic Nervous System . . 

Nicotine Group 
Tobacco 

fT. Substances Stimulating Parasympathetic Activity 
fO The Muscnnnc Group 

^s.-- Choline. Acetj )-ebohne and Other Choline Eaters 
*"'3 Fhyeostigmtnc and Neostigmine 
L'"i Pilocarpine 

III. Substances Depressing Parasympathetic Activity 
1 . The Atropine Series 

^2 Other Synthetic Substitutes for the Belladonna Alkaloids 
IV', Sympathomimetic Drugs 

\s 1. Epinephrine (Adrenaline) 
i' 2 Kphedrtne 
j 3- Benrocirme 

*^4 Other Sympathomimetic Drugs 
F Ergot pnd lu Alkaloid*^-. 

IJT The Histamine Croup and Ansphjlarii 


249 

249 

249 

269 

269 

295 

300 

303 

305 

m. 

330 
316 
329 
35 8 
361 
363 
366 
37 3 
379 
379 
389 
392 

392 

393 


m 

411 

423 

423 

426 

427 
429 
429 
438 
440 
440 
444 

451 
459 
463 . 
463 

452 
455 
4S5 
497 
£00 
£02 
£07 
519 



10 


CONTENTS 


H. Drugs of. Internal Secretion 

t "J. Pituitary Anterior Lobe 
II. Pituitary Posterior Lobe 
, U<III. Thyroid Gland 
Thiouracil 

IV. Parathyroid . . . 

Dihydrotachysterol . 

V. Adrenal Cortex . . . 

Desoxycorticosterone 
^ VI. Insulin 

Alloxan . 

II, T he Sex Hormones 
b""' j. The Gonadotropins . 

2. The Female Sex Hormones 
1 ^ The Estrogens . . 

Progesterone 

r — 3. The Male Sex Hormones . 

I. ^Hematics . 

1. Liver and Liver Preparations . 

2. Stomach Preparations 

3. Pentnucleotide 


•b^4. Anticoagulants ...» 

. 5. Coagulants 

Jr Vitamins, or Accessory Food Substances . . 

K. The Digitalis Series . . . t . . . 

L. The Nitrites ... 

M. Minor Drugs and Poisons ... .... 

I. Miscellaneous Drugs 

1. Chaulmoogra Oil 

2. Aconite 

3. Veratrine _ . . 

4. Saponin, Sapotoxin and Solanine . 

5. Hydrast\ne and Hydrastinine . . 

6. Aspidosperma or Quebracho . . 

7. Phlorhizin 

II. Poisons Which Increase Metabolism . 

1. Dinitrophenol . ... 

2. Tetrahydronaphthylamine . . . 

III. Poisons Which Act on the Blood . 

1. Nitrobenzol Compounds . . . 

2. Toluylendiamine 

3. Benzol 

IV. Hydrocyanic or Prussic Acid .... 

N. Colchicum 

O. Cmchophen'and Its Derivatives . . . . 

P. The Antipyretics. (Acetanilide and Antipyrine Series) 

Agranulocytosis . . ..... 

Q. Salicylates . 

Benzoic Acid and Benzoates 

R. Quinine and Other Antimalarials . .... 

I. Quinine 

II. Quinidine 

III. Quinacrine (Atabrin) .... 

IV Pamaquine 

V. Other Antimalarial Drug9 

S. Emetine and Other Antiamebic Drugs 

I. Emetine (Ipecacuanha) .... 

II. Carbarsone ’ 

III. Hydroxyquinoline Derivatives .... 

1. Chiniofon . 

2 . Vioform 

3. Diodoquin 


526 

527 
531 
540 

548 

549 

552 

553 

554 
558 

563 
663 

564 
564 
564 

570 

571 
573 
573 

578 

579 

580 

582 

583 
612 
642 
650 
650 
652 
652 
654 

656 

657 
659 

659 

660 
660 
661 
661 
661 
662 
662 
663 


673 

676 

687 

696 

697 
697 
708 
711 
714 

716 

717 
717 

722 

723 

724 
724 
724 



CONTEXTS 


11 


T. Sulfanilamide and It* Derivatives . . . r„'5 

U. PctuciUm and Other Antibiotics . - 743 

I. Penicillin , 7J3 

It. Streptomycin . . . 751 

HI. Tyrothncin ami Ollier liaetemt Anbluotio 753 

IV. Ollier AotibioUcs ....... . . 753 


PAKT IV 

axtihxmixtics 


Anthelmintics .... ....... 757 

I Male Kern (Ajpidtum, I'llii-maa) 75 ^ 

II. IVlHierine 759 

HI. ThymnJ ..... . . 7C0 

IV. Ci*Mpo’}'n}Tn . ... ... 7( 0 

V. SAfitonin . . TCI 

VI. Carlwn TctfarM<»rj.ie „ Tt.l 

VII, Tclrarldorcllijlene . 7i/> 

Vllf. Hriylrcwimnfil .... . . 7C$ 

IX. (Irninn Violet .... 7C7 

X. n<rn*illiuiint . . 7C7 

XI. I*di«d* H»som5t» (ileiti) . . 7C7 


I'AKT V 

ANTJSMTK* AM) Dl?lNl‘l CTANTS 

«r»l 

I Fnfprsl Ar.tcrpti-* ao-t l)«*»n / rrt»nU 
I *f»! Oil rr lArirfjjrnt* 

? MttMi 

3 {'*il..V At*) (lVv4| 

!• At*vi »*i' t* ** 

f* M *t fun* 0 1 o!' * ’> H l t»tfv t * Mrr-'-.ry 

7. ** 

f 4 ‘.Iin »fi 1 fltlrff Mr'l"'* P.> u 

0 Oi>!u" f ]t> 

IP AtiltM Jln» 

tl |V*« 

IT 

U 1 .1 {,**-, 

ti tT r,‘» '* 

1 5 P* tt'-w'li' l>*r* 

u t ( ** «' ?* 3 

} ISxifi" 4 

7 o »>*»• 

5 s 



III. »-.* t. 

? Vn«V7«( A..! . , 


77A 

77S 



N'T 

NVt 



t» * 
ti • 
% ’* 



12 


CONTENTS 


IV. Disinfectants for Rooms, Furniture, etc . 810 

1. Formaldehyde 810 

\ ' 2. Sulfur Dioxide 811 

' ^ 3. Chlorine and Bromine . ... 812 

4. Other Disinfectants . . 813 

5. Insecticides . 814 


PART VI 

VACCINES, SERA AND MISCELLANEOUS BIOLOGICALS 

1. Vaccines, Toxins and Toxoids . ..... 815 

2. Antitoxic Sera, Immune Sera, and Antitoxins 818 

3. Normal Human Blood Derivatives .... 820 

4. Protein Hydrolysates . 821 

5. Diagnostic Agents . ....... 821 

6. Vegetable Toxalbumins: Ricin 822 


CLASSIFICATION OF DRUGS ACCORDING TO THEIR THERA- 
PEUTIC USES - 824 

INDEX • 830 




14 


INTRODUCTION 


usually defined. On the other hand, cod-liver oil had appeared in our 
pharmacopeias as a “drug,” before its value as a source of vitamins was 
discovered, and now other preparations containing vitamins appear in 
pharmacopeias or “official lists of medicines.” Some brief account of 
vitamins is therefore, usually included in books on pharmacology. 

Similarly the borderline between pathology and pharmacology is 
sometimes indistinct. Pharma cology may be regarded as the study of 
the organism rendered abnormal by drugs, while pathologyls the study 
of the organism rendered abnormal by disease.’ ~TVIany r of the features 
of disease are now recognized to be due to the presence of unorganized 
poisons formed in or by the tissues, poisons which may be allied to, or 
even identical with, substances used as drugs. Indeed, a substance like 
histamine may be regarded, under different conditions, as a physiological/ 
pharmacological, or pathological agent. The study of bacteria and of 
the toxins produced by them belongs primarily to bacteriology. Bac- 
terial toxins are however, related to vegetable toxins, such as ricin, which 
is obtained from the seeds of Ricinus communis, which have long ap- 
peared in pharmacopeias. Now that vaccines and antitoxins have found 
a place in pharmacopeias as remedial agents, some brief reference to 
them is of convenience in a book on Pharmacology so that the student 
may have all official remedies simultaneously under review. 

Pharmacology is in fact really a department of biology very closely 
related to other sciences which may be included by that term. It is 
neither possible nor advisable that the boundaries of these allied sciences 
should be too strictly limited. Consequently, though in the great 
majority of cases there need be little hesitation in deciding whether or 
not a substance is a “drug” and should therefore come under the scope 
of pharmacology, there is unavoidably some overlapping, and some 
account must here be given of remedial agents which would not be 
regarded as “drugs” in the ordinary sense. 

The great interest of pharmacology does not lie in its purely bio- 
logical aspects, however, but in its relation to the treatment of disease. 
As long as we are ignorant of how a remedy acts in any disease, the 
treatment is purely empirical; when the mode of action is understood, 
much greater accuracy can be attained in the treatment. The object 
of pharmacology is to provide a scientific foundation for therapeutics 
and to increase the resources of the art of healing. The exact way 
in which a drug changes the diseased condition can often be followed 
only imperfectly in man, and recourse must be had to experiments on 
healthy or diseased animals to elucidate the principles on which it 
should be employed. In addition, the experimental investigation^ of 
new chemical bodies has very frequently demonstrated properties which 
are of therapeutic value; almost all the new drugs introduced in the 
last half-century have found their way to the wards through the experi- 
mental laboratories. 

Pharmacology is one of the most recent developments of medical and 
biological science. It is true that from the earliest times attempts 
have been made to explain the effects of drugs on the then prevailing 
theories of pathology, but the objective study of the action of drugs on 
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the organism has been almost entirely developed since the middle of the 
nineteenth century. The study of drugs was termed Materia Jdedica 
up to this time, and comprised an examination of their.botorjical {ind» 
chemical properties along with some account of the disea^AiWniclf ( 
they had proved of value. This descriptive rather than 'experimental'’' 
study has heen continued under the name of Pharmacognosy, but Know 1 
pursued chiefly by pharmacists. Undoubtedly the student of- medicine', ** 
ought to know those characters of drugs which are of-impdrtanrc/m ^ 
modifying their action and application, hut it ^ undesirable jbtft hiyp 
valuable time should be occupied in the detailed description of cwftc 
substances, which he may probably never hadc v ari opportunity o^f^Ting 
in his future practice. ** . . , _ - 

Another subject which now occupies a much less prominent position 
in medical study than formerly is Pharmacy, or the art of preparing 
drugs for therapeutic use. Some general knowledge of the methods 
used is no doubt indispensable to the educated physician, if mainly as 
an aid to prescribing; but the details may be left to the pharmacist. 
With the decay of the complex prescription the study of pharmacy by 
medical students lias become less imperative. The relations of medicine 
to pharmacy have greatly changed in recent years. The physician is 
dependent upon the manufacturer for his supply of drugs. Many 
manufacturers now not only make drugs of established reputation but 
seek to discover new remedies, for which purpose they may have both 
chemical and pharmacological laboratories at their disposal. A com- 
mercial firm not unnaturally endeavors to recoup itself for the expenses 
of preliminary unproductive research by the profits on the sale of a new 
drug, which is frequently registered under a proprietary name. The 
physician is nowadays liable to be overwhelmed by such new remedies, 
some of which are new only in name and others only slight variants 
of known drugs. On the other hand, many valuable drugs have been 
introduced in this way. The physician must endeavor to assess the 
value of therapeutic claims and should make it a rule not to prescribe 
substances or preparations of the composition of which he is ignorant. 
Modern progress in therapeutics has brought other changes in its tram. 
Many alkaloids and synthetic compounds are now distributed in forms 
which require no manipulation by the retail pharmacist. The practice 
of giving remedies by injection is becoming increasingly common, often 
necessitating that the preparations be put up by the manufacturer in 
ampules which require no further “dispensing,” This has led to a 
decline of individual prescribing and dispensing. This change is perhaps 
inevitable but will have less serious consequences so long as the prepara- 
tion which the practitioner prescribes is to him not merely a name but 
something with whose composition and properties be is adequately con- 
versant. 

METHOD OF ACTION OF DRUGS 

Stimulation, Depression, Irritation.— When a cell is affected by a poison, 
the extent of its activity is changed but not the kind. In other words, 
the effects of drugs are quantitative, not qualitative; the activity “of 



10 


INTRODUCTION 


living .matter may be changed, but the form which the activity assumes 
is unchangeable. 

Drugs which increase the activity of any organ or function are said 
to stimulate it, while those which lessen the activity are said to depress 
it. Another condition induced by drugs is irritation, for although this 
term is often applied loosely as a synonym for stimulation, the two 
conditions are not identical. Stimulation is properly used to indicate 
an increase in the specialized function of a cell, producing, for instance, 
in the spinal cord an increase in the reflex excitability. Irritation, on the 
other hand, is used rather in reference to the changes in the conditions 
common to all forms of living matter, that is, it indicates a change in 
the nutrition and growth of the cell, rather than in the specialized 
functions. Irritation may thus be induced in all kinds of tissues and 
is the commonest change caused by drugs in the less differentiated 
forms, such as the connective tissues and ordinary cpithelia; while 
stimulation is met with in the more highly specialized cells, such as 
those of the heart, nervous system, or secretory glands. In many instances 
the irritant action of drugs may be explained by their known reactions 
with the proteins of the cell; for example, substances which dissolve 
proteins, or precipitate them, or withdraw fluid from them, all tend 
to cause irritation when they are applied to living tissues. In other 
cases irritation appears to be induced through some action the nature 
of which is quite unknown. 

When stimulation is prolonged or excessive, the protoplasm generally 
becomes depressed and finally loses its activity entirely (paralysis). 
Some authorities have asserted that depression is invariably preceded 
by stimulation, and that stimulation sufficiently prolonged invariably 
leads to depression and paralysis. Both statements are too absolute, 
although they are true in the great majority of cases. For example, 
the action of atropine on the terminations of the cardiac inhibitory 
nerves is purely depressant. Even the most minute quantities of this 
alkaloid never increase the activity of these terminations, for a quantity 
too small to weaken them has apparently no effects whatever, and as 
the dose is increased, the first effect is depression. 

Depression, whether induced directly, or following on stimulation, 
has been shown in several instances to resemble the fatigue induced 
by the prolonged exercise of the normal organ, and it is probably true 
that depression and fatigue are, sometimes, identical in appearance, 
although not necessarily identical in cause. For example, the phenomena 
of fatigue of the terminations of the motor nerves in muscle resemble 
those induced by curare, but the fatigued terminations rapidly recover 
while the curarized recover only when the poison is eliminated. 

In most cases an excessive dose of a stimulating poison leads to 
depression and paralysis. The cell becomes functionally dead, but if 
the failure of its function does not involve the death of the organism, 
it may recover and reassume its ordinary function as if no stage of 
inactivity had intervened. Excessive irritation, on the other hand, leads 
to actual death and disintegration, from which there is no recovery. 
For example, the cells of the spinal cord are first stimulated and later 
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paralyzed bv a large dose of strychnine, but this is not fatal to cold- 
blooded animals, and after a feu* days the spinal cord regains its normal 
function, as the poison is eliminated. On the other hand, the injection 
of an irritant into the subcutaneous tissues causes structural changes. 
If only a small quantity be injected, this condition is recovered from, 
although it generally leaves evidence of its presence in the form of an 
increase in the fibrous tissue. But if the irritation be interne, the cells 
undergo degeneration and die, and an abscess is formed. The cells 
thus destroyed con never recover as the pa rah zed ones do. They are 
either absorbed, or removed by the opening of the abscess, and their 
room is filled by the overgrowth of the neighboring tissues. 

Wien the effects of a drug are only temporary and the tissue returns 
to its normal activity when the drug is eliminated, the action is said to 
be reversible; this is the case for most forms of stimulation and depression 
and for mild irritation. When the cells do not recover but ha\ e to be 
replaced by new growth, the action is irreversible. 

Distribution and Concentration.— The distribution of a drug in the 
different tissues and organs of the body must influence its action; and 
it might be expected that those organs which contain it in largest pro- 
portions would show greater changes than others in which it is present in 
smaller amounts. But this is found not to he true in man}’ instances; 
for example, the liver often contains larger quantities of alkaloids than 
any other tissue, yet no symptoms may arise from this organ. The 
relative concentration in which a drug is present in the different tissues 
thus does not determine the extent to which these are involved in the 
action. But if an organ reacts to a drug, the degree of its reaction 
depends on the concentration in which the drug is presented to it, and 
the problem in therapeutics is very generally to bring up the concentra- 
tion in one organ to the efficient threshold without involving other 
organs; for example, in chloroform anesthesia the object is to cause 
sufficient concentration in the brain and spinal cord without involving 
the heart and respiration. 

The concentration of a drug in a cell depends in the first instance on 
the concentration in which it is present in the surrounding fluids and 
in many cases there seems to be no greater concentration than is in 
accord with diffusion, the drug being present in the cell in the same 
concentration as in the fluid. In other instances the drug is deposited 
in the cell in some form of combination, chemical or physical, and the 
diffusion continues until the cell may contain the whole of the drug and 
the surrounding fluid is free from it. As the drug is accumulated in the 
cell it may finally reach a strength that provokes reaction, but in some 
instances the drug accumulates in large amount without interfering 
with the functions of the cell. 

The concentration of a drug in the tissues depends primarflj' on the 
dose given, but this is modified by the rate of absorption and the rate 
at which the body frees itself from the drug by excreting it, or changing 
it into harmless forms. Small divided doses of a remedy may thus 
never cause the same symptoms as the administration of the same 
amount undivided. The most striking instance of this is offered in 
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anesthesia, for fluring an operation of an hour’s duration much larger 
amounts of chloroform or ether are taken into the tissues than would 
be fatal if inhaled more rapidly; the fatal concentration is not reached 
because excretion *is going on at the same time ns absorption. 

Elective Affinity of Drugs. Protoplasm Poisons.— Most drugs have an 
elective affinity for certain definite tissues. Thus, some attack the heart 
only, others the central nervous system and others the terminations of 
the motor nerves in muscle. Among the cardiac poisons again, some 
act on the ventricle, others on the auricle, and among the poisons of the 
central nervous system, some net primarily on the cortex, othens on the 
medulla oblongata and others on the spinal cord. This elective affinity 
is not merely a question of degree, as is sometimes stated, for a drug 
which has a powerful nction on the brain may have no effect on the heart 
except when administered in such quantities as a Her the physical char- 
acters of the blood. A drug may even alter different structures in dia- 
metrically opposite directions. Thus, atropine depresses certain nerve 
terminations, but stimulates the brain; curare, which paralyzes the 
peripheral terminations of the motor nerves, stimulates the spinal cord. 
In some instances the immunity of a cell to the action of a drug may 
perhaps be explained by the latter failing to penetrate into its interior, 
but this is not true in nil cases. 

The fields of activity of different drugs vary greatly in extent. One 
may comprise only the terminations of the secretory fibers in the sweat 
glands (agaricin), while another, which affects these in the same way, 
may involve many other terminations in its action (atropine). Most 
poisons, however, while acting on a certain narrow area in small doses,' 
extend the limits of their activity when larger quantities are ingested. 
Thus, a poison which acts in small doses on the medulla oblongata only, 
may, when exhibited in larger quantities, involve the spinal cord and 
the brain, and in still greater concentration may affect the heart and 
other organs. No poison is known that nets equally on all organs and 
tissues, but those which have a wide field of operation are often known 
as protoplasmic poisons. These paralyze any form of living matter 
when they are brought in contact with it in sufficient quantity, but if 
they are injected into the blood and thus distributed equally throughout 
the body, they invariably select some special organs as the chief seat 
of their activity. 

Local, General and Remote Actions.— The local action of a drug is that 
induced at the point of application before it enters the circulation, the 
general or systemic action is that due to its elective affinity for certain 
organs to which it is carried by the blood. The Jocal effects are very 
often entirely different in nature from the general action, for a drug 
may act as an irritant at the point of application and as a depressant 
to the brain when it is carried to it in the blood. Local effects, may 
be induced wherever the drug can be applied— to the skin, the alimen- 
tary tract, the respiratory passages, and the other mucous membranes. 
They also occur in the subcutaneous tissues when the poison is injected 
hypodermically, and in any of the deeper organs and tissues which can 
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be readied by the needle of the syringe. Local remedies may cause 
irritation, or may protect the surface from irritation, may depress the 
sensory end-organs and cause local anesthesia, or lessen secretion, or 
alter the functions at the point of application in many other ways. Tbev 
may also have remote effects, as will be mentioned. Many drugs haw* 
only a local action, because they are not absorbed, are ab.-orbed in 
inactive forms, or are excreted or deposited as rapidly as they pass 
into the ciretdatiati, so that enough is not present in the blood at am 
one time to induce general effects. On the other hand, many powerful 
poisons have little or no effect at the point of application, but possess 
an elective affinity only for some organ to winch they are carried by 
the circulation. 

Drugs change directly only those organs and tissues with which tiny 
come into immediate contact. But the alteration of one part of the 
organism very often entails that of another to which the drug may not 
have access, or for which it lias no special affinity, because impulse*, 
are transmitted through the nones, or changes arc induced in the ‘ ir- 
culation ami nutrition. Thus irritation of the shin may alter the rate 
of the puLc by impressions being transmitted by the cutaneous non i«. 
and reflected along die inhibitory nerves of the heart. Similarly a poison 
that weakens the heart may induce disorder of the respiration, from 
the circulation being deficient in the medulla oblongata ; and depression 
of the* brain may lessen the oxidation in the muscles, because it leads to 
lessened movements. These secondary changes, w liich are not due to 
the direct action of the drugs on the organs concerned, are known as 
remote or indirect effects. 

General Theories of Pharmacological Action. —A number of drugs affect 
the organism onh through their obvious physical properties, as when an 
inert oily body is applied to an abraded surface and promotes its healing 
by protecting it from irritation and from the evaporation «f fluid, or 
when common salt absorbed into the blood changes its osmotic tension, 
mid thus niters the distribution of fluids in the tissue*,. On the other 
hand, many effects are due to simple rhnmcal reactions, for instance, 
bicarbonate of sodium may be »srd to neutralise the hydrochloric ncid 
of tlje gastric juice, just ns it combines with ncid in a test-tulx*, ami many 
of the effects of oxalates arise from their forming insoluble salts with 
the calcium of the tissue*. In the great major**.* of drug effects, how- 
ever, no Mich simple relations as these obtain and the mode of action 
remains unknown. This ignorance is not surprising when one considers 
the extreme complexity of even the simplest living cell and nl-o the 
complex structure of many drugs. 

Trom tin* present Mate of knowledge it can only !«• mu<! that the 
activity of drugs depends on tv large variety of factors and that pharma* 
fnJogica! notion cannot 1 m* bronchi under nnv one hi" either clumirn! 

'»r physical. In main cases it would appear that the action of drugs is 
due to their nlo-orption on the cell membrane, In other instances the 
drug mu*t enter the cell in order to induce it« effect *. The complex 
reaction* which take place in the cel! are made possible by a variety of 



20 


INTRODUCTION 


enzyme systems. These are easily affected in the presence of drugs 
which by combining with the substrate or with essential groupings of 
the enzyme systems can modify the normal activity of the cell.' 

The simplest possible conception of the action of most potent drugs 
is that they unite with certain specific receptors in or on the surface of 
the cells. The action of a drug on any cell involves at least two separate 
processes, namely a chemical reaction and the biological response to 
this reaction. The time relations of these two processes vary in the 
case of different drug actions. It must also be remembered that a drug 
may produce a powerful action without exerting any direct effect on the 
cell in the ordinary sense. For example, many if not all of the actions 
of physostigminc can be explained by its inhibiting the esterase which 
destroys acetylcholine in the tissues, 
t Chemical Constitution and Pharmacological Action.— In 18G8 Cruin 
Brown and Fraser published their classical paper on the relation between 
chemical constitution and pharmacological action and since then con- 
tinuous attempts have been made to develop and extend their original 
conceptions. It was supposed that, if the action of a drug is due to a 
chemical combination between it and the tissues, substances of a similar 
chemical structure would have similar physiological actions, and in this 
event the action of a drug might to some extent be foretold from a con- 
sideration of its structural formula, provided that the action of similar 
compounds was already known. For example, methyl, ethyl and propyl 
hlcohols resemble one another closely in their physiological actions, and 
it might be predicted that butyl and amyl alcohols would act similarly. 
In point of fact they do, and the pharmacological action of this scries of 
alcohols is, so far, apparently related to their chemical composition. 
Moreover when the toxicity of this series of alcohols was carefully inves- 
tigated, it was found that there is a progressive increase in acute toxicity 
as one proceeds from the lowest to the highest member of the series. It 
might be predicted, therefore, that alcohols higher than amyl alcohol 
might be progressively more toxic, but as a matter of experience these 
proved to be harmless because they became insoluble in the fluids of the 
body. This result is typical.of one way in which the attempt-to correlate^ 
physiological action and chemical constitution breaks down in detail,: 
because an alteration in the physical properties of a substance ‘may 
entirely alter its physiological action, though* its type of chemical struc- 
ture remains the same. Resemblances in action may in fact, depend 
upon some physical property which is common to a group and which 
has a more immediate bearing on their action than the actual structure; 
and wherever an attempt is made to follow the relationship between 
chemical composition and pharmacological action in detail, the analogy 
may break down because factors which it is impossible to deduce from 
the chemical structure or formula;, intrude themselves. Also, side actions 
which do not admit at present of chemical explanation, may appear 
in one member of a chemical group and be absent in another. For 
example, methyl alcohol, though less poisonous from the point of view 
of minimum lethal dose than ethyl alcohol, has a highly toxic action 
on the optic nerve which is not displayed by ethyl alcohol. 
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Though it h> impossible in the present state of knowedge to determine 
with any certainty the pharmacological action of a drug from a mere 
consideration of its chemical structure, yet m many cases it h found that 
substances of closely related structure do exert similar pharmacological 
actions, and this fact is of great importance in the discovery of new 
drugs. For example, the discovery of the exact chemical structure of 
epinephrine led to the synthesis and pharmacological investigation of a 
large number of related compounds, many of which resemble epinephrine 
m action, and general conclusions could be drawn as to the type of 
compound which is likely to exert an action similar to epinephrine. 

An interesting branch of this problem has been the investigation of 
optically isomeric substances. It was found, for example, that 1-hyos- 
cytumne is twice as powerful as dl-hyosevaminc (atropine) and that 
the levo compound is twelve to twenty times as active as the dextro 
comjxwnd. Optical rotation in this case, and in most cases, markvdlj 
alTccts physiological action. Usually but not always, the levo compound 
is the more active of the ttvo In such directions important a<i\ antes 
have been made in correlating structure and action, and po^sibh Midi 
advances may lead further with the growth of biochemical knowledge 

Pharmacological Syndromes.— Claude Bernard showed that the motor 
paralysis produced by curare is due to an action on the ncnc ends in 
voluntary muscle awl that this action is exerted on all voluntary muscles 
in a manner qualitatively alike. This discovery suggested — what was 
not a self-evident truth— that n drug which acted on the nerve ends in 
one voluntary muscle would act similarly on the nerve ends in all other 
voluntary muscles. On the assumption that curare acts upon some 
ifveific chemical receptor, it follows that there is a chemical uniformity 
in all such nerse ends and that they all possess the specific chemical 
receptor uj>on which curare acts. Subsequent research has extended 
the value of this conception. Thus a great variety of effects may lx* 
produced by epinephrine, all of which are identical to tho v c induced by 
stimulating sympathetic nerve ends, and the fact that epinephrine 
mimics all sympathetic nerves is hardly explicable upon any o thri- 
ll y pot Iivms than upon the existence of some common chemical factor in 
sympathetic terminations in different organs. Such a group of pharma* 
eological actions which are subserved by a common type of physiological 
mechanbm and may he presumed to lie due to a common chemical 
reaction Ivetween the drug and the tissues may lx* regarded as a "homo* 
genous syndrome." however varied the n*s»ltfiig biological rcspumei 
may lie, 

dust as a clinieal syndrome consists cif a group of manifestations 
induced by a single etiologic agent, «o a pharmacological syndrome 
implies that the multiple reactions to a given drug are explicable on the 
bads of a single underlying ineehamsm. When* the reactions to a drug 
follow » fixed pattern which cannot Ik* explained on the haul's of a com- 
mon t\ j>e of physiological mechanism, these ate designated as a l.etero* 
g« neons syndrome. In this case it is a^umed that a common reaction 
is present in the diwrse physiological systems affected by theilrug. 71. e 
effect* induced by acetjkhnliue h an exam pie of n heten‘gen«x»tj< pharma- 
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cological syndrome. This conception of heterogeneous syndromes has a 
two-fold provocative value. From the point of biochemistry it suggests 
that, in spite of the differences— structural, functional and chemical— 
between different tissues, a particular receptor may nevertheless occur 
in different tissues and that substances, whether chemically related or 
not, which happen to combine with this receptor will produce the same 
group of pharmacological effects. From the point of pharmacology it 
is of value in facilitating investigation, for the discovery of a particular 
action on one organ may prompt the search for a whole group of actions. 

Chemotherapy. — This term has become associated with the specific 
treatment of infections by artificial remedies. Specific remedies, for 
example quinine in malaria, have been known for centuries. Wien the 
parasitic origin of this disease was discovered, the remedial action of 
quinine was ascribed to its toxic action on the malarial parasite, whereby 
the actual cause of the disease was destroyed. 

The parasite in question is a protozoal organism, which at one stage 
of its history inhabits the blood of man and gives rise to the symptoms 
of malaria. When quinine is given in malaria, the alkaloid circulates 
in the blood and tissues, all of which, including the parasite, arc equally 
exposed to the action of quinine. For quinine to he a practical remedy 
it was necessary for it to exert a more powerful action on the parasite 
than, for example, on the white blood corpuscles; otherwise they would 
be killed by the same concentration of quinine. It was also necessary 
that a toxic action on the parasite should be exerted by a concentration 
of quinine insufficient to damage seriously any tissue of the patient. 
Quinine fulfils this condition sufficiently well for it to be of practical 
use, though it is not an ideal remedy because it may produce undesirable 
symptoms in man when given in a dose sufficient to be effective in killing 
off the malarial organism. Cinchona bark contains a large number of 
alkaloids, more or less closely related in chemical constitution to quinine. 
These other alkaloids have also been tried in malaria to see whether 
they were superior to quinine for this purpose. 

This is one type of chemotherapeutic investigation, the deliberate 
search for a remedy for an infection from a group of nearly related chem- 
ical compounds one of which is known to have a specific action in the 
disease in question. It would seem that the word “specific” as applied 
to therapeutic agents has come to acquire vaguely a double meaning. 
The remedy is specific in the sense that it has a more powerful action on 
the parasite than on the tissues of the host; it is frequently also specific 
in the sense that usually a remedy has a much more powerful action on 
one particular pathogenic organism than on other, often nearly related, 
parasites. 

Not only a great impetus but a new orientation was given to investi- 
gation of this kind by the genius of Ebriich, of whose brilliant work in 
this connection only a brief account of one example can be given here. 
It was known that many diseases in man and lower animals were due 
to Infection by organisms of the type of trypanosomes. It had also been 
discovered that an organic compound of arsenic, atoxyl, had some cura- 
tive action in diseases of this type. But atoxyl, in the doses required 
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to exert a curative action, was very poisonous, often producing serious 
effects, such as blindness, Ehrlich prepared and investigated a whole 
series of organic arsenical compounds with a view to discovering one 
which would be more curative and less poisonous than atoxyl— one 
which would be, in his nomenclature, more parasitotropic and less 
organotropic. Eventually he discovered one, 600, also known as sal- 
varsan and arsphenamine, which proved to be superior, as a remedy 
for syphilis, to any remedy previously available. It was also curative 
in some allied diseases but it was of little value in sleeping-sickness. 
The quest has gone on since Ehrlich's early work, for arsenical com- 
pounds which should be less toxic even than arsphenamine and which 
should be more efficacious than arsphenamine in some forms of try- 
panosomiasis. Thus new compounds have been introduced, and there 
is every reason to suppose that further improvements in therapeutics 
will continue to result from this alliance between synthetic chemistry 
and experimental pharmacology. 

Two factors, especially, are necessary for chemotherapeutic investiga- 
tion. The first is directed chemical research, whereby new compounds 
modified in certain directions can be made available for pharmacological 
investigation. The second is the production of a disease in the lower 
animals. If, as is the case with trypanosomes, a disease can be repro- 
duced in small animals like rats and mice, a large number of controlled 
experiments can rapidly be carried out. Thus a preliminary knowledge 
can be acquired as to whether the drug is likely to have a curative action 
in & particular infection, as to what arc its toxic or undesirable actions 
and what would be an approximate dosage. The final test of its value 
in a corresponding disease in man must be done on man himself. 

The original conception of the value of a specific remedy being based 
upon a ratio between its toxicity for a pathogenic organism and its 
toxicity for the tissues of the host, has required considerable modifica- 
tion in the light of later investigations. It has been found for example, 
that a drug which is curative in a disease due to a particular parasite 
may have no obvious action on this parasite in vitro . Moreover while 
it may cure one species of animal infected with a particular parasite, 
it may fail to cure another species infected with the same parasite. For 
these and other reasons, some of which will be mentioned in the section 
on organic arsenic compounds, it has become abundantly manifest that 
cooperation of the tissues of the host plays an important part in the 
curative action of most, if not all, specific remedies. 

CONDITIONS MODIFYING THE EFFECTS OF DRUGS 

Biological Variation.— Individuals show marked variability in their 
reaction to a given stimulus. This biological variation h aho manifested 
in their reaction to drugs. Some individuals will be highly sensitive to 
the drug; others resistant to its action. A given dose of a drug which 
will induce a given reaction in the majority of individuals will thus 
induce a more striking action in a few more sensitive individuals and 
fail to act in a few who are resistant. The same principle is applicable 
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in the case of a poison. If one plots the percentage of individuals suc- 
cumbing to a given dose of a lethal drug as ordinates, against the dose 
of the drug used, as absciss®, one obtains an S-shaped curve as in 
Fig. 1 . In designating the lethal action of a drug, it is thus desirable 
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ordinate. The point of intersection of this line with the abscissae gives the dose which is 
designated os the L.D.50 or the dose which is lethal for 50 per cent of the test animals. 

to determine the amount of drug which will kill 50 per cent of the 
animals (the mean L.D.50) rather than to try to fix a so-called lethal 
dose. Likewise by the dose of a drug which is used therapeutically we 
refer to the average amount of drug necessary in the majority of indi- 
viduals. This dose null require modification if it is desired to obtain the 
optimal response from those who require more or less of the drug. 

Among the obvious variables which determine the dose required to 
elicit a given effect are the size and weight of the individual. If the 
same amount of a poison be distributed through the tissues of a large 
individual as of a small one, the concentration is lower in the organs 
of the former and less effect is therefore observed. This has been ascer- 
tained chiefly in animal experiment, in which the effects of drugs can 
be estimated much more exactly than in man, but it undoubtedly holds 
good for human beings also. Very large individuals, then, require a 
somewhat larger dose than ordinary persons, while in treating individuals 
of small stature, the dose has to be reduced. For this reason the dosage 
of many drugs is expressed per unit of body weight when greater accuracy 
of dosage is necessary. 
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The Time of Administration has -also some influence on the effects of 
drugs. The. body is generally more resistant in the morning than in 
the evening, especially- in the case of narcotic drugs ; thus a dose of a 
soporific which may have little or no effect in the early hours, induces 
sound sleep when given in the evening, partly because the brain is 
already fatigued and depressed, but also because the action of the drug 
coincides with the normal time for sleep. 

Idiosyncrasy is used to denote an unusual or peculiar reaction to a 
drug. Some persons react more readily than usual to the ordinary dose, 
while in other instances a much larger quantity can be taken without 
any effect. Others, again, show symptoms which are entirely different 
from and which may, in fact, be diametrically opposed to those ordinarily 
observed. These idiosyncrasies are naturally more frequently seen and 
are better known, when they arise from widely used drugs. Thus the 
modern antipyretics have so often induced abnormal symptoms that 
these are well known, but it is not improbable that if other drugs had 
been used, or rather abused, to the same extent, they would be found 
to induce unusual reactions in an equally large number of individuals. 
The agranulocytosis which sometimes follows the administration of a 
variety of drugs (aminopyrine, sulfonamides, gold salts, etc.) is an 
example of idiosyncrasy. 

The failure of the individual to react to the ordinary dose of a drug 
is known as Tolerance, and this particular form of idiosyncrasy may be 
termed congenital tolerance. Certain species of animals tolerate quanti- 
ties of drugs which would be fatal to others of the same size. In fact, so 
frequently is this the case that it is impossible to determine the fatal 
dose of any drug on an animal from experiments performed upon others 
of a different species, even though it be nearly' related. One of the most 
remarkable examples of this form of tolerance is met with in the hedge- 
hog, which resists large doses of many very active poisons. Another 
well-known example is the tolerance of the rabbit to large quantities of 
atropine. 

A form of tolerance which is a matter of everyday observation is 
that induced by the prolonged use of a drug, which has been called 
acquired tolerance, or mithridatism, from the tradition that Mithridates 
protected himself in this way from the danger of poisoning. The most 
familiar example of this form of tolerance is that acquired for tobacco 
(nicotine) ; the first cigar often induces violent poisoning, but if a habit 
be formed, considerable amounts of nicotine may be absorbed without 
apparent harm, because the tissues become accustomed to the presence 
of small quantities of nicotine, and thus fail to react to it. This tolerance 
is entirely' different from the immunity induced by toxins (see Toxins), 
and it is desirable that the two terms should be kept distinct. 

An important form of tolerance is the resistance developed by try- 
panosomes and other pathogcnic'organisms for certain drugs. Thus by 
subjecting susceptible organisms to inadequate doses of a drug it is 
possible to render them “drug fast,” that is, resistant to the drug even 
when used in what would originally have been an adequate dosage. 
Tliis form of tolerance can be acquired by organisms cultivated in vitro 
as well as in vivo. 
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Very often while some tissues acquire tolerance for a poison, others 
fail to do so, and either react in the same way as before or may suffer 
from the prolonged use of excessive quantities; for example, although 
after prolonged use morphine loses its action on the brain, so that large 
doses have to be given to relieve pain, tolerance is Jess developed in the 
bowel, so that constipation continues to be induced by smaller amounts; 
similarly in a dog tolerant to morphine, the cardiac inhibitory center 
retains its sensitiveness to it. Some animals fail to develop tolerance 
for certain drugs; for example the rabbit remains sensitive to morphine 
after prolonged treatment. It is to be noted that tolerance is soon lost 
if the drug be discontinued for some time. This is of great importance 
in cases of opium-eating, for a person who has taken opium for a long 
time acquires a tolerance for the drug, so that sometimes enormous 
quantities are required in order to induce the ordinary effects, but if the 
habit be discontinued for some time, the tolerance is lost, and a dose 
which would formerly have had little effect may now induce dangerous 
poisoning. The prolonged use of one drug may establish tolerance for 
others of the same class. Thus chronic drunkards become less sensitive 
to large quantities of alcohol, and are also more resistant to the action 
of ether than ordinary persons, this being due to the fact that ether 
and alcohol act on the same nerve cells in the same direction, and 
probably induce the same changes in the protoplasm. 

In some instances when tolerance is established for a drug, it is found 
that the tissues destroy more of it than previously (morphine and 
alcohol), or excrete it more rapidly, as is said to occur under atropine 
in some animals, or perhaps absorb it less readily (arsenic) The drug 
thus never reaches the same concentration in the tissues and the absence 
of action is thus partly explained. In addition to this, however, the 
organs normally affected become less susceptible to the drug, for though 
in morphine tolerance much more is destroyed than in normal persons, 
enough remains in the blood to cause deep narcosis in ordinary people, 
yet no symptoms are induced in the patient. 

Tile Cumulative Effect of drugs is another phenomenon caused by 
their continued ingestion. Small doses of certain drugs taken repeat- 
edly for some time eventually cause symptoms which are much more 
marked than those that follow the first dose. This seems due to the 
accumulation of considerable quantities in the tissues. The absorption 
may be more rapid than the excretion, and each new dose thus adds to 
the total quantity in the blood and organs more than is lost in the same 
time by excretion. The classical example of cumulative action is that 
of digitalis, hut it is much more frequently induced by such drugs as 
mercury, arsenic, or the iodides, for the so-called chronic poisoning 
induced by these is really an example of cumulative action. Cumula- 
tive action may Occur along with tolerance. Thus the tolerance of 
certain tissues for nicotine does not protect others from the effects of 
the abuse of tobacco. 

Synergists. —The presence of another drug having the same effects 
in the body often increases the action of .-4 remedy to an unexpected 
extent. This is the ground for the prescription of several remedies 
acting in the same way. For example, several purgatives prescribed 
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together often act more efficiently than any one given in quantity equal 
to all of them. This is easily explicable upon the assumption that; 
although all are alike in their chief features, they differ in the details 
of their reactions, so .that parts of the alimentary canal which might 
escape one are affected by another, and the mixture thus acts more 
universally than any one of the components. Other examples of syn- 
ergism are offered by the narcotics, for it has been shown that a mixture 
of morphine and chloral, for example, is more efficient than either admin- 
istered alone in larger dose. Another recent example is offered by the 
use of mercury and arsenical compounds in syphilis, which act better 
together than when either is used alone. The importance of synergism 
is often exaggerated, but in some examples the increased activity of 
one drug in the presence of another is remarkable. 

On the other hand, a drug may fail to elicit any symptoms if an 
antagonistic substance is present in the body. Thus in cases where 
a powerful nervous depressant, such as chloroform, has been inhaled, 
strychnine may have little or no effect on the spinal cord in doses 
which would normally increase the reflexes to a marked extent. In the 
same way, if the terminations of the inhibitory fibers of the heart are 
paralyzed by atropine, a poison which normally slows the heart by 
stimulating these terminations will have no effect in the usual doses. 

Similar modifications of the effects of drugs may be induced by 
poisons formed by pathological changes in the tissues, or by an unusual 
state of irritation or of depression of the tissues themselves. For example, 
the excitable uterus of pregnancy may react by contraction to certain 
drugs which excite both the motor and the inhibitory nerves and which 
in the more inert non-gravid organ cause relaxation. Similarly, the 
sulfonamides fail to exert their bacteriostatic action in the presence of 
pus or necrotic tissue because these contain aminobenzoic acid which 
inhibits the action of the sulfonamide drugs. 

Pathological conditions often modify the effects of drugs to a very 
considerable extent, and in a way which cannot be explained at present. 
For example, the antipyretics reduce the temperature in fever, but have 
no effect on it in health; the bromides lessen the convulsions in epilepsy 
but have much less effect in depressing the brain in normal persons; 
epinephrine relaxes the constricted bronchioles of the asthmatic but has 
little effect on the normal lung. In general, however, although the 
efFect of a drug in a pathological condition may be greatly exaggerated 
over that observed in the normal, its action is qualitatively the same 
in botli conditions. Thus the analgesic effects of the antipyretics, the 
sedative effects of the bromides and the sympatheticomimetic action 
of epinephrine would suggest their usefulness under the pathological 
conditions cited above. Moreover, in a large number of instances drugs 
are given, not in order to act upon the diseased tissues, but upon healthy 
ones. For instance, in diseases of the cardiac valves, drugs are given, not 
with the object of restoring their integrity, but to act upon the healthy 
heart muscle, and to obviate the disturbance of the circulation which 
is caused by the destructiop of the valves. 

Whenever possible an attempt is made to study the action of drugs 
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on diseased’ tissues or on the disease in animals, as has been done 
very largely in recent years in various infectious disorders (see Chemo- 
therapy). 

METHODS OF ADMINISTRATION 

Drugs are applied for their Local Action to the skin, to the mucous 
membranes of the alimentary, respiratory, and gemto-urinary tracts, 
and to the conjunctiva and. cornea. Even deeper tissues and organs can 
be treated locally by the injection of remedies into them. The objects 
of local medication are very diverse, and can be treated of only in con- 
nection with the individual drugs. The methods of application are also 
so numerous that only a few of the chief can be mentioned. Drugs 
intended for application to the skin are often formed into salves or 
ointments (unguenta) by mixing them with oily or fatty substances, 
which adhere to the skin and do not dry up, and which, in addition to 
serving as a means of applying an active substance, protect the surface 
from the air and from irritation. Other preparations for application to 
the skin, such as the plasters (emplastra), resemble the ointments in 
their general characters, but also give mechanical support and bind 
surfaces together from their being spread on paper or cloth, which thus 
serves as a flexible splint. The collodions and cerates resemble the 
plasters; the oleates, the ointments In addition to these special prepara- 
tions, drugs may be applied to the skin in solutions, or as powders, or 
solid masses may be used to cauterize it. 

The methods of applying drugs to the alimentary tract and to the 
lungs for their local action are for the most part similar to those used 
for drugs which are intended to be absorbed. The mouth and throat 
may be washed out with solutions, which are gargled (gargarismata), 
or may be treated with powders, or lozenges (trochisci), which are 
slowly dissolved and thus permit of a more prolonged and constant 
action in the mouth than is possible if the drug be swallowed immedi- 
ately. The nose may be washed out with solutions of active drugs, 
or powders may be drawn into the nostrils as snuffs; the latter often 
cause sneezing, and are sometimes known as sternutatories, or errhiues. 
The larynx may be treated locally by the application of powders or 
of very small quantities of fluids by the aid of the laryngoseopic mirror 
and probe. Solutions are generally used for application to the con- 
junctiva, but a more permanent effect can often be obtained from oint- 
ments, lamella;, or powders which arc less liable to be washed away 
" by the tears. The urethra, vagina and uterus are treated by the injec- 
tion of solutions, or by ointments and powders. Bougies, which are 
occasionally advised, are formed by incorporating an active drug in 
some substance which is solid at ordinary temperatures, hut melts 
when introduced into the organ and allows the drug to come into con- 
tact with the surface. The rectum may similarly be treated by the 
injection of drugs in solution or suspension (enemata), or by the use 
of suppositories. Drugs are not infrequently applied by the rectum 
in order to elicit, their action after absorption, but much oftener for 
their local action on the bowel. Enemata may be cither large (a pint 
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or more) or small (2 to 5 cc.). The large encmata are used either to 
wash out the intestines, and may then contain an antiseptic or nstringent, 
or to induce peristalsis and evacuation of the bowel, when they are 
made up of water with or without soap or other slightly irritant sub- 
stances. The small enemata are used chiefly to induce evacuation, and 
contain more irritant substances, such as glycerin alone or along with 
some more active body: Suppositories are usually formed of cacao- 
butter, which is solid at room temperature, but melts at the temperature 
of the body. 

Drugs whose General Action is to be elicited after their absorption 
are given by the mouth, except when some special character in them 
or in the disease renders some other method preferable. They may be 
given by the mouth in solution in water, alcohol, oils, or other more 
or less indifferent bodies.. The disagreeable taste of many remedies, 
however, often precludes this method, and these may be ordered in the 
form of pills, or in capsules, which are formed of gelatin or similar sub- 
stances and are dissolved in the stomach and intestines. Very often 
the disagreeable taste may be concealed by the addition of sugar, or 
of some strongly tasting but agreeable body, such as a volatile oil. 

' Insoluble drugs may be given as powders, as they have little or no 
taste. Powders are also used as a means of administering soluble drugs, 
if they have not a disagreeable taste and have no marked local action, 
but very deliquescent drugs should not be given in this form. Insoluble 
drugs are sometimes ordered in suspension in mucilaginous fluids; and 
oils, which are distasteful to many people, may be given mixed with 
water and gums (emulsions). 

The rate of absorption from the alimentary canal varies greatly with 
different drugs and also with the form in which they are administered. 
The first point will be treated of in connection with the individual 
drugs. As regards the second, it may be stated that drugs are more 
rapidly absorbed when they are swallowed in solution, and that, .when 
much inert and insoluble matter is associated with them, their absorp- 
tion is much retarded. This fact is taken advantage of in practice by 
giving drugs in solution when rapid absorption is desirable, and by 
giving less pure forms when the local action on the stomach and bowel 
is to be elicited. The more concentrated the solution, the greater is 
the irritant action on the stomach, and thus where irritation of the 
stomach is desired, either the solid drug or a strong solution is given; 
but as a general rule the local action on the stomach is to be avoided, 
and drugs arc therefore ordered in as dilute solution as is possible * 
without increasing the bulk to too great an extent. It is to be noted 
that drugs which are insoluble in the test-tube may be rendered soluble 
by the action of the gastric and intestinal juices, while many which are 
given in solution are precipitated in the stomach. 

Drugs absorbed from the stomach and intestine are carried to the 
livor before reaching the general circulation, and this is of great impor- 
tance in determining their effects in the body, as some of them are 
retained in that organ, and are either entirely destroyed or escape so 
slowly that they have no perceptible effect. 
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Drugs are occasionally introduced into the rectum so as to obtain 
their general action. The local effects on the stomach are thus avoided 
and some of the drug reaches the circulation without passing through 
the liver; morphine and opium are sometimes so administered. Drugs 
are absorbed more slowly from the rectum than from the small intestine 
but absorption may begin sooner than when a drug is given by mouth, 
as in the latter case the drug may be delayed in the stomach. 

Another important method of administering drugs for their general 
action and also for their local effects is by inhalation into the lungs. 
Only volatile drugs can be used thus for their general action. They are 
absorbed very rapidly, owing to the extensive surface to which they 
are applied, and also because volatile substances penetrate the tissues 
more readily than others. The best examples of inhalation are offered 
by the general anesthetics, chloroform and ether. Most substances 
absot bed by the lungs are also excreted by them, and this leads to an 
important practical point in regard to the anesthetics. For the passage 
of gases or vapors through the lining epithelium of the alveoli depends 
upon their partial pressure, that is, upon their concentration in the air 
and blood respectively. Accordingly, when the air contains more chloro- 
form vapor than the blood, the anesthetic passes into the blood, but 
as soon as the condition is reversed, and the blood contains more chloro- 
form than the air of the alveoli, it commences to pass backward. The 
more concentrated the vapor inhaled, the more chloroform is contained 
in each cubic centimeter of blood, and the greater is the action on the 
nervous centers and the heart. 

Less volatile substances are sometimes inhaled into the lungs for 
their local action, and even non-volatile bodies suspended in a spray 
or vapor may be thrown into the respiratory passages, but it may be 
questioned whether these last really reach the alveoli .except in traces. 

Drugs may also be administered by other mucous membranes for 
their general effects. For example, pituitary extract may be admin- 
istered by application to the nasal mucous membrane, which is highly 
vascular and affords a rapidly absorbing surface. Drugs are also rapidly 
absorbed from the thin mucous membrane underlying the tongue. 
Nitroglycerin and sometimes certain of the steroid hormones are 
administered by the sublingual route. It must be remembered that 
symptoms may arise from the unwanted absorption of a drug which is 
being used for its local action, even death has occasionally occurred, 
for example, from the absorption of cocaine from the nose or urethra 
when it has been applied to these mucous membranes as a local anes- 
thetic. Similarly, drugs applied as dressings to wounds or abrasions 
have often given rise to severe or fatal poisoning from being absorbed 
into the blood. 

Drugs are also applied to the skin in order to elicit their general 
action. Volatile bodies are certainly absorbed by it, although much 
more slowly than by the lungs or by the stomach and intestine. Solu- 
tions in water of non-volatile drugs are not absorbed from the skin, 
but solutions of certain remedies in alcohols, oils, fats, ether, and some 
other substances which are capable of dissolving or mixing with the 
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fatty covering of the skin, arc absorbed fairly rapidly if they are rubbed 
in thoroughly. This method of application (inunction) has been used 
chiefly for the absorption of mercury, as the local action on the stomach 
and bowel is thus avoided. (Sec Mercury.) Alkaloids do not appear 
to be absorbed by the skin even when dissolved in oils or alcohol. 

In the hypodermic method drugs are injected through a fine hollow 
needle into the subcutaneous, or, in the case of more irritant substances, 
into the muscular tissue, where they meet with fewer sensory nerves. 
Absorption occurs more rapidly than when drugs arc given by the 
mouth, the local action on the alimentary canal is avoided, and the 
physician is more certain that the whole of the remedy is effective, 
provided it is soluble and is not precipitated at the point of injection. 
At the same time, the method has certain drawbacks, the chief of which 
are the pain of the injection and the danger of injecting a powerful 
remedy into one of the subcutaneous veins. Hypodermic injections 
should be made onlj r by the physician or trained attendant. The needle 
and syringe ought to be sterilized, and the substance injected should 
be aseptic. As a general rule, solutions in water or in dilute alcohol are 
used for injection, but the insoluble salts of mercury have also been 
injected, suspended in oil. (Sec Mercury.) Irritant drugs arc to be 
avoided as far as possible, as they cause great pain, swelling and some- 
times suppuration or sloughing, even when the injection lias been 
carried out ascptically. If there is any doubt ns to the irritant action 
of a drug, the injection should be made into muscle (gluteus) ns dis- 
astrous results have followed from ignorance of the local action of such 
remedies as quinine or calcium salts. Ringer’s solution should be used 
instead of plain water when possible. Hypodermic injection is used very 
largely to elicit the general action of a remedy, but also for the local 
effects, as when pocainc is injected in order to produce local anesthesia. 
As the absorption from the subcutaneous tissues is usually more rapid 
than that from the stomach and intestine, when the drug is in perfect 
solution, the dose has to be reduced. As a general rule, about one-half 
of the ordinary amount is sufficient. 

Deeper injections are sometimes made for their local action on the 
organs. Thus, antiseptics have been injected into lung cavities, caustics 
into tumors, local anesthetics into the spinal canal, and direct applica- 
tions have been made to the nerves in sciatica and other similar dis- 
orders. 

In order to maintain a constant absorption of a drug rather than the 
discontinuous action of repeated injections, the use of pellets of solid 
insoluble materials implanted in the subcutaneous tissue ( e . g., steroid 
hormones) or relatively insoluble derivatives ( e . g., protamine insulin) 
or drugs in an insoluble menstruum (e. g., penicillin in oil and beeswax) 
may be administered. In this way the organism is presented with a 
constant supply of the drug without the necessity of frequent injections. 

Intravenous injection is the most certain and rapid method of bringing 
drugs into the circulation and tissues. A long hypodermic needle is 
passed directly into one of the superficial veins of the arm and the dis- 
solved drug is slowly injected in quantities of the solution which may 
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v«ary from 1 cc, to 200 cc. The drug must be in complete solution and 
must not react with the protein of the blood; thus strongly acid drugs 
and dissociable salts of the heavy metals should be avoided; on the 
other hand, drugs, e. g., the sulfonamides, which are too irritant for 
hypodermic injection may sometimes be given intravenously. The 
most perfect asepsis should be aimed at. The dose is usually much 
smaller than that given by the mouth, but no general rule can be given. 
The toxicity of a drug by intravenous injection is often greatly reduced 
by injecting it slowly and well diluted. 

The galvanic current lias also been employed to aid in securing the 
penetration of certain drugs into the deeper tissues where they may 
be taken up by the blood stream and act particularly upon the tissues 
in the neighborhood of the point of application. In this method, which 
is known as “iontophoresis” or “common ion transfer,” it is possible 
under proper conditions to secure the action of the drug employed upon 
the deeper tissues without at the same time bringing about systemic 
effects, although occasionally symptoms are produced indicating a 
general action. 

THE CHEMICAL CHARACTERS OP DRUGS 

Many substances which induce changes in the living organism are 
comparatively simple chemical compounds. In the inorganic materia 
medica are found many salts, bases and acids, and a few uncombined 
elements, such as mercury and sulfur, while organic chemistry offers 
alcohols, ethers, phenols, ketones and an ever increasing number of 
more complex synthetic compounds. But some groups of substances 
which occur widely in plants require some discussion before the indi- 
vidual members are taken up severally. 

The first group of these is formed by the Alkaloids, which are sub- 
stituted ammonias, and have a more or less strongly alkaline reaction, 
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so that they are often known as the vegetable bases. They contain 
carbon, hydrogen, nitrogen, and, as a general rule, oxygen, although 
some of them, such as coniine, are devoid of it. Like ammonia, they 
combine readily with acids without eliminating hydrogen, and the 
salts thus formed resemble those of ammonia in many respects, among 
others in being thrown out of combination by the fixed alkalies. Many 
vegetable alkaloids are derived from pyridine, quinoline and isoquino- 
line by the addition of hydrogen, and generally by the substitution of 
one or more of the hydrogen atoms by side chains of greater or /ess 
complexity. 
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Some of the vegetable alkaloids have been formed synthetically in 
the laboratory, and the constitution of some of the others is perfectly 
well known, but many of them have not yet been isolated, and there are 
probably others whose existence is not even suspected. These vegetable 
alkaloids occur in almost all parts of plants, although they are found 
in greatest abundance in the seeds and roots. The same alkaloid is 
often found in most of the plants of a genus, or it may occur in one or 
two species of a genus and in other plants which are in no way related. 
Very often several alkaloids are found in a plant, and these may differ 
entirely in their action on animals, although not infrequently all the 
'alkaloids of a plant resemble each other in their effects. The alkaloids 
are found most abundantly in dicotyledonous plants, but some are 
obtained from the monocotyledons. Muscarine, ergotoxine and other 
bases are found in the fungi and alkaloids have been isolated from the 
suprarenal capsule of animals and from the skin and glands of reptiles. 

The alkaloids are very often only slightly soluble in water, but form 
salts which are generally more soluble. Many of the bases are dissolved 
by ether, chloroform and amyl alcohol, while the salts are insoluble in 
these. Both bases and salts are generally fairly soluble in alcohol. The 
hydroxides and carbonates of the alkalies and the alkaline earths pro- 
< cipitate the « alkaloids from solutions of the salts in water, a point of 
some importance in prescribing these bodies. 

Another important class of vegetable poisons is formed by the Gluco- 
sides (glycosides), which are esters (compound ethers) composed of 
sugars and hydroxy] substances, and which liberate sugar when they 
are heated with acids, or sometimes with alkalies, or when certain unor- 
ganized ferments act on them. Many of the glycosides contain only 
carbon, hydrogen and oxygen, a few have nitrogen in addition, and one 
or two, sulfur. In some instances, the remainder, after the sugar is 
split off, is an alkaloid, e. g., solanfdine. Glycosides differ greatly in 
their solubility in water and alcohol; comparatively few of them are 
soluble in ether. Some of the glycosides are powerful poisons, others 
have little or no action. 

Resins, an ill-defined group, are found in many plants, and are char- 
acterized by their smooth, shining fracture, and by their insolubility 
in water and solubility in ether, chloroform, volatile oils, benzol and, 
in many cases, in alcohol. They seem to be formed in plants by the 
oxidation of volatile oils, and are often acid or anhydride in character, 
while others are apparently alcohols or esters. The resins are almost 
invariably composed of several different substances mixed together. 

Oleoresins are solutions of resins in ethereal oils, which lend them a 
characteristic odor and taste. The term “ Balsam " is often used as 
synonymous with oleoresin, but most writers restrict it to those oleo- 
resins which contain benzoic or cinnamic acid along with other constit- 
uents. Gtcm-rcsins are mixtures of resins and gums, generally contain- 
ing some volatile oils. They are insoluble in water, but the resin is 
suspended in it by the gum. On the other hand, the resin is dissolved 
by alcohol, while the gum remains insoluble. 

Gums are amorphous, transparent substances, composed of carbo- 
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hydrates of the formula (CgHjoO&Ja and are thus nearly related to cellu- 
lose and starch. Some of them are soluble in water, while others merely 
swell to a jelly in it; they are insoluble in alcohol. They generally occur 
in plants in combination with calcium, magnesium or potassium; they 
have no poisonous action, but form a protective covering for irritated 
surfaces, and are largely used to suspend in water substances which 
are insoluble in it, such as resins and oils. 

Volatile oils (v. p. 207) occur in plants in large numbers. 

Fats, oils, sugars, acids, starch, proteins, coloring matter, ferments 
and other bodies which occur in plants, and are contained in many of 
the preparations used in therapeutics, are not generally possessed of 
any action of importance. 

The most important drugs introduced into medicine in recent years 
are the synthetic organic chemicals which include anti-infectives such 
as quinacrine, the sulfonamides, etc.; local and general anesthetics; 
antiseptics; the vitamins and hormones, derived either by extraction 
from natural sources or prepared synthetically; and the antibiotics, 
derived from molds and bacteria. 


THE PHARMACOPEIAS AND PHARMACOPBIAL PREPARATIONS 

Almost all governments have found it necessary to regulate the 
preparation of drugs used in therapeutics, and for this purpose issue at 
intervals codes of instructions defining the characters of the drugs and 
giving the exact formulse according to which they are to be prepared 
for use. These codes are known as Pharmacopeias, and some differences 
exist between those of different countries, although the most important 
drugs ore found in all of them. All the drugs used in therapeutics arc 
not found in the pharmacopeias, for these arc issued only at intervals 
of several years, and in the meantime valuable remedies may be intro- 
duced. The pharmacopeia of the United States is now revised every 
five years and the twelfth revision was published in 1940. A supplement 
appeared in 1943. The last edition of the British Pharmacopeia appeared 
in 1932 but seven addenda to it have been published since 1930. 'Hie 
official definition of therapeutic substances is of advantage to both 
physician and pharmacist, as it assures the former that the drug he 
prescribes will have a uniform quality, wherever in the country' it is 
dispensed, while the pharmacist is saved from the continual preparation 
of remedies in different forms, by their being prescribed in one recognized 
strength. 

Apart from the official pharmacopoeias, other lists of drops and formula? are 
published for the guidance of medical practitioners and pharmacists. Thus 
the American Pharmaceutical Association issues the “National Formulary” 
(N. F.)> a collection of formula which is also- a legal standard, and the American 
Medical Association publishes annually **Ncjr and Non-official Remedies'’ 
(N N. R ), w hich contains descriptions of proprietary drucs which are marketed 
in an acceptable manner The Council of the Pharmaceutical Society of Great 
Britain publishes the "British Pharmaceutical Codex" ffi, F. C ), with the 
object oi providing recognized formula; for medicines which arc not officially 
recogniied in the British Pharmacopeia. 
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The pharmacopeias contain a large number of pure substances such 
as salts, acids, bases, alkaloids, and these require no further description. 
On the other hand, many of the drugs are given in an impure form, 
either because the active principle is unknown, or because its isolation 
is attended with difficulty and expense. Thus many of the vegetable 
remedies are presented in the pharmacopeias as solutions or solids which 
contain not only the active principle but gums, sugars, coloring matter, 
and many other impurities. These are provided in different forms to 
allow of variation in their administration. In addition, the pharma- 
copeias contain a number of official prescriptions, that is, mixtures of 
active substances in such proportions as are ordinarily prescribed. 
These are generally designated by the addition of “compound” (cora- 
positus) to the name of the chief ingredient. 

Many crude or unprepared drugs are found in the pharmacopeias, 
such as leaves, roots, flowers, or even whole plants. These are used 
chiefly for the preparation of other more readily applicable remedies, 
but are sometimes prescribed as powders or in pills. 

The following preparations 1 are official : 

a. Aqueous Preparations 

Aquas, medicated waters, generally contain only traces of some volatile sub- 
stance, such as an ethereal oil or chloroform, in solution in water, and these 
arc used in prescriptions as more agreeable to the taste and smell than pure 
water but have little further efFect. In the U. S. P. the solutions of ammonia 
and hydrogen peroxide are also included under aqua), but these are used only 
to elicit the specific effects of these drugs. In the B. P. these strong solutions 
arc included in the liquores. 

Liquores (U. S. P ) are solutions in water of soluble substances. Many of 
these are 1 per cent in strength. ' 

Liquores (B. P.) are solutions in the widest sense, in water, alcohol, or other 
fluids. 

Decoda (U S. P.) or decoctions, are solutions of vegetable principles, which 
arc obtained by boiling parts of plants in water. 

Infusa, or infusions, are solutions obtained by soaking parts of plants in 
water, which may be hot or cold, but is not kept boiling. Infusions and decoc- 
tions arc weak preparations and tend to decompose rapidly. Many drugs in 
the B. P. have both a fresh infusion (Infusum Recens) and a concentrated infu- 
sion (Infusum Concentratum). The latter diluted with seven times its volume 
or distilled water yields a product resembling the fresh infusion. 

Mislurx, or mixtures, are preparations in which substances insoluble in 
water are suspended in it by means of gums or similar viscid substances, or 
are mixtures of solutions. 

Emulsa (U. S. P.), emulsions, are formed by suspending oils in water by 
means of gums or other viscid bodies. The B. P. contains no official emulsions. 

Mudlagincs, mucilages, are solutions in water of gums, starch, and similar 
colloid bodies. 

Magmas (U. S. P ), or milks, are suspensions of bulky’, white insoluble prep- 
arations in water. 

Syrupi, syrups, are strong solutions of sugar in water, which may be used 
alone, or may be impregnated with more active bodies. Similar preparations 
formed with honey instead of syrup (sometimes known as mdlita) are official, 
as Mel Boracis (B. P.). 

* The student is advised to omit the following list for the present, and to refer to it 
only as ho takes up the preparations of the individual drugs Moat of these preparations 
are found in both pharmacopeias. Thoso which occur only in the British are indicated 
hy It. P., while those which are confined to the United States are marked U. S P. 
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Lotions (B, P.), lotions, or v, ashes. This term is used to designate a prepara- 
tion of mercury, the black wash, 

b Alcoholic Preparation.'; 

Spvritus, spirits, arc solutions of volatile bodies in alcohol, and often owe 
their chief action to the solvent and not to the drug contained in it 

Eiixina, elixirs, are sweetened aromatic preparations containing diluted 
alcohol or glycerin. 

Tindurx, tinctures, are solutions in alcohol of medicinal substances, which 
are generally formed from parts of plants by maceration or percolation Thcj 
contain both volatile and non-volatile ingredients, but the latter are generally 
the more important. 

Flmdexlracta. (17 S. P ), Extracla Liqxcida (B. P.), fluidevtracts, are prepared 
from plants by forming solutions in water or more frequently m alcohdl, and 
evaporating them until the solutions contain as many cubic centimeters as the 
original crude drugs weighed in grams; that is, the volume of the fluid extract 
corresponds to the weight of the crude drug. When the active principle is 
assayed, however, the liquid extract is diluted to contain a definite amount of 
it, and without reference to the quantity of the crude drug used 

The tinctures and fluid extracts are the most commonly used liquid prepara- 
tions, and most of the important drugs are prepared in one or both of these 
forms. 

c. Other Fluid Preparations 

Glycerita (V. S P.) or Ghjcerina (B. P.) are solutions of medicinal substances 
m glycerin 

C’ollodia, collodions, are solutions of medicinal substances in collodion, which 
is itself a solution of pyroxylin in alcohol and ether. 

Acela, or medicated vinegars, are solu tions of medicinal substances in vinegar 
or diluted acetic acid. 

Linimenta, liniments, embrocations, are preparations in winch active rem- 
edies are dissolved or suspended in dilute alcohol, oils, or water. They generally 
contain an oil or soap and are intended to be applied to the skin. 

d. Soil'd and Semi-solid preparations 

Extracla, extracts, arc formed from solutions such as tinctures, decoctions, 
or infusions by evaporation, which is continued until there remains a solid 
mass. The extracts thus contain all the substances which arc taken up by the 
solvent, except those which are driven off or decomposed at the temperature 
at which evaporation is earned on. 

PUube, pills, are globular masses of small sire, such ns admits of their being 
easily swallowed. They are formed from extracts, or from powders, by the 
addition of some substance to give them the necessary cohesion and consistency . 
Pills generally weigh 0.1-0 3 gram (2-5 gr ) The U. S. P. determines the com- 

E ositton and size of the official pills, so that the doses can be modified onlj 
y ordering several pills to be taken at one time. The B. }\ leaves the pills 
unformed, bo that they may be prescribed of any size. The Pi hi he of the B. V. 
really corresponds not to the Puute, but to the Massa of the TJ. S. P. 

Masss (if. S. P,}, masses, are preparations made up of the proper consis- 
tency for piUa. They arc invariably presented in the form of pills 
Confeciiones, confections or electuaries, are soft, solid preparations consisting 
of sugar or honey impregnated with some more active body. 

Suppositona, or suppositories, are intended for insertion into the rectum, 
urethra, or vagina, ana arc, except in one or two cases, formed by mixing the 
active ingredient with cacao-butter.^ Suppositories for the rectum arc conical 
in shape and weigh about a gram (15 gr.). Those for the urethra (bougies) are 
of the same weight, but arc pencil-shaped, while the vaginal suppositories are 
globular, and weigh about 3 gram (45 gr.). 
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Pulvcres, powders, are simply dry substances in a state of fine division. . Most 
of the official powders are mixtures of several active bodies. 

Triturationes (U. S. P.), triturations, are formed. from powders by diluting 
them with nine parts of sugar of milk. 

TahclUe , tablets are solid discs prepared by compressing or moulding a drug, 
or a mixture of drugs. 


Unguenta , ointments, salves, are soft, oily substances which are applied to 
the skin by rubbing. (See page 193.) 

Oculenta (B. P.) are ointments for the eye. 

Cerala (U. S. P-), cerates, resemble ointments, but are rendered harder by 
the addition of wax. (See page 195.) t 

Emplaslra, (U. S. P.) plasters, arc adhesive bodies of a still harder consistency 

pasty preparations for application 
■ ■ . ■ tplasma Kaolini, is official, but many 


Unofficial Preparations 

Cachets are thin discs of dough of the shape of a soup-plate and varying 
from } in. to lj in. in diameter. When two of them are placed together with 
their . ' ’ " ‘ — 1 1 11 cy form a receptacle in which powders 

are d . when they are moistened.. A some' 

what gelatin capsules, 'which may be hard 

or soit, and whicn are made in cuuerent sizes. The hard capsule is used for 
solids, the soft for liquids. Sometimes the latter contain as much as 15 cc. 
(§ fl. oz.), but these are difficult to swallow. 

« • . * • -«e liquid substances injected into the rectum 

■ ee page 29.) 

of crystalline insoluble steroids for sub- 


BIOLOGJCAL ASSAY 

The accurate use of drugs in therapeutics involves that the amount 
of active principle given in each dose must be as uniform as possible 
and not subject to irregular variations. In most cases the strength of 
a preparation can be determined by ordinary chemical methods, and 
this is required for most of the more powerful substances used in thera- 
peutics. This cannot be done for certain important drugs, however, 
because the active constituents are insufficiently known, or when known 
cannot be isolated quantitatively. This lias led to the method of bio- 
logical assay, in which the strength of a preparation is estimated by 
its effects on living animals or tissues. Biological assay was first used 
industrially to determine the strength of the antitoxic sera, and soon 
afterward Houghton introduced it to regulate the strength of the 
preparations of the digitalis series, from which it has been extended to 
several other substances, and it has now received recognition in pharma- 
copeias. 

The princip le underlying biological assay is that a definite quantity 
of a drug wilPalways produce a certain degree of deflection from the 
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normal in die same animal or in animals of the same species. The reac- 
tion, it is true, is not always identical, for many conditions may alter 
tlie extent to which an animal reacts to a drug, and every precaution 
must be taken to keep the conditions uniform in making: these tests. 
For example, the reaction varies inversely with the weight of the ani- 
mals, and these must be taken as nearly as possible of the same weight 
and age or, if this is not possible, the dose must be calculated in terms 
of the weight of the animal. And when gTeat accuracy is required, the 
test must be done upon a series of animals sufficiently large to eliminate 
the variations and idiosyncrasies that cannot he 'controlled. These 
tests require special training and laboratory experience and are very 
time-consunilng. The method is not likely to be substituted for chem- 
ical assay when the fatter is available ami adequate. In the case of 
some drugs, c. g., the organic nrscnicah, living tissues can detect dif- 
ferences that are not discovered by available physico-chemical methods 
and the latter have to be supplemented by biological tests for thera- 
peutic activity and for toxicity. Most preparations requiring biological 
assay arc either preparations from plants, animal organ extracts, or 
antitoxic sera. Such preparations cannot be tested chemically but yet 
require to be given in physiologically accurate dosage. 

The accuracy and value of biological assay depend upon scrupulous 
attention to details of procedure and no abbreviated description of a 
method would enable one to carry out a biological assay. The methods 
fully described in the pharmacopeias and risen here must be consulted. 
It is only possible here to mention the official preparations which require 
such standardization and to give some indication of the principles 
involved. 

In biological assay the object is to compare quantitatively the effects 
of a preparation with those of a standard. For the 1\ S. 1’., standard 
preparations arc supplied under the authority of the Board of Trustees 
of the U. S. Pharmacopeia; and for the I). I\, by the National Institute 
for Medical Research, London. 

PREPARATIONS IN THE T7. S. P. REQUIRING BIOLOGICAL ASSAY 

Digitalis and Stropbanthin arc tested by finding the minims! quantity required 
to arrest the cat’s heart. TSic standard of comparison for digitalis is a powder 
of digitalis leaves, the potency of which baa Ixrn carefully ascertained tn rela- 
tion to the International Standard Powder adopted by the Health Organisation 
of the league of Nations. For Slrophanlhin the standard adopted is Ouabain. 

Epinephrine preparations arc assajed by comparing the rise in blood-pressure 
in anesthetized dogs caused by intravenous injections of the preparation and 
of a standard solution of epinephrine rrrpecth dy. 

Ergot.— Ergot, in the form of the fluid etirae t, is administered by intramus- 
cular injection to single-comb leghorn cocks. Its potency per gram must be 
equivalent to not Jess than 0.5 mg. crgotoxine-ethane sulfonate when measured 
by the darkening produced in the comb of the cock. For the fluid extract of 
ergot the same standard of potency has been adopted. 

Insulin is assayed by comparing its ability to lower the blood sugar of rabbits 
with that of the U. S. Y. Zinc-Insulin Crystals Reference Standard. Other 
hormones are assayed by analogous procedures. 

Pituitary Solution.— Pituitary solution is assayed by olwcmnc the contrac- 
tion caused by it in the uterus of the vir^n guinea-p-g. The uterus is excised 
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INTRODUCTION 


’ * *" ’ ’* movements are registered 

The addition of pituitary 

t jm pared with one caused 

by a definite amount of a standard powdered pituitary; 1 cc. of the solution of 
pituitary being equivalent in activity to 0.005 gram of the standard pituitary 
powder. 

Cod-liver oil is tested for its vitamin A and D content through observations 
carried out upon rats kept under standard conditions and on a standard diet. 

Preparations of other vitamins are assayed by similar methods or by means 
of microbiological procedures. 

Liver and stomach preparations used for the treatment of pernicious anemia 
are tested for their potency by their ability to bring about certain changes in 
" * ' r ~ ’ ’**■■ ' r “ 1 e in relapse, and 

Authority over 

; - . ations Advisory 

Board.” 

Pepsin must digest 3000 times its weight of egg albumen when tested under 
the official conditions. 

Arsphenamine and other arsenicals used in the treatment of syphilis have to 
comply with certain tests for toxicity as outlined by the National Institute of 
Health of the U. S. Public Health Service. 

The various antitoxic sera are also standardized according to methods pre- 
scribed by the Public Health Service and their potency is designated in units. 

PREPARATIONS IN THE B. P. REQUIRING BIOLOGICAL ASSAY 

Digitalis.— The preparation is compared with a standard preparation by 
some method which measures the action on cardiac muscle. Two methods are 
recommended; the first determines the lethal dose in frogs by injection into the 
dorsal lymph sac; the end-point for the second is the amount required to pro- 
‘ ' ‘ ' ' low rate in cats or 

Neoarsphenamine.— Neoarsphenamine must comply with a test for absence 
of undue toxicity and with a test for therapeutic potency. 

For toxicity, it is tested, in comparison with the standard preparation on 
mice or rats, by the injection of doses given intravenously. For therapeutic 
potency, it is tested on a series of mice, or rats, infected with a suitable strain 

of • ' * " 1 ‘ ypanosoma Equiperdum. 

1 ■■ is tested in a similar way. 

• ’ . !l i ' , . The activity of a sample of pituitary 

(posterior lobe) extract is determined by comparing its activity with, that of. 
the standard Preparation of Pituitary (Posterior Lobe) Extract by a biological 
method based on an action on the muscle ol the uterus, or by the antidiuretic 
or pressor activity of such extracts. 

Insulin. — The potency of a sample ofinsulin is determined by comparing the 
dose of it necessary to produce hypoglycemia in rabbits or convulsions in mice 
with the dose of the Standard Preparation of Insulin necessary to give the 
same effects. The retardation of the insulin effect of Protamine Zinc Insulin is 
determined by a similar procedure. 

Vitamin A.— Young rats are fed on a diet deficient in vitamin A until they 
have ceased to grow. The effect on growth of the preparation to be tested is 
compared with that of a standard preparation. (A spectrophotometric method 
may also be used.) 

Vitamin Bi. — The test is similar in character to that for vitamin A. 
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Antirachitic (Vitamin Vitamin D).~{o) Curative —Young rats ere fed on a 
rachitogenic diet for about three weeks, and the degree of rickets produced may 
be determined by roentgen-ray photographs of the bones. The degree of healing 
produced in ten to fourteen days by the preparation to bo tested is compared 
with that produced by a standard preparation. 

_ (b) Prophylactic — Two similar groups of young rats are fed on a rachitogenic 
diet, one group receiving daily doses of the preparation to be tested, the other 
of the standard preparation. The degree of prophylaxis is estimated by the 
average percentage of ash m the bones of the two groups at the end of about 
five weeks. 

Antitoxins and Sera. —Biological standardization is required for artfidj sen ten- 
serum, antipneumococcus serum (Types I and II), diphtheria antitoxin, gas 
gangrene antitoxins (ccdematiens, perirmgens and vibrion septuple), staphylo- 
coccus antitoxin, tetanus toxoid and tetanus antitoxin The principle of the 
methods employed in each case is similar, the potency of the sample to be tested 
being compared with that of a standard preparation m their cfhcacN to protect 
animals against the toxic or lethal effects of a fixed dose of the particular tovn 
Old Tuberculin.— The potency of a sample of old tuberculin is tested by 
comparing the dose of it necessary to produce its specific toxicitv m guinea-pigs 
or other animals infected with the Bacillus tuberculosis with the do«e of the 
standard preparation of Old Tuberculin necessary to give the same effects 
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PART I 


The Action of Inorganic Substances 


I. WATER Ann SALTS 

Water constitutes the principal component of the body, 70 per cent 
of which consists of this compound. It serves as the medium in which 
the colloids and crystalloids of protoplasm are dissolved. About 7 per 
cent of the total water of the body is present in the blood; 20 per cent is 
present in the interstitial fluids; while the remainder is present in the 
cells (intracellular fluid). 

The living cell may be regarded as a solution of colloids and crystal- 
loids surrounded by a limiting membrane. This membrane is composed 
of a complex colloidal mixture of lipoids and proteins and serves to 
preserve the integrity of the cell and to prevent the indiscriminate 
diffusion of substances from the protoplasm into the surrounding 
medium. Most animal cells are permeable to water and to some salts, 
and are therefore capable of changing their dimensions by absorbing 
or giving up water. The extracellular fluids of the blood, lymph and 
tissues ore composed of a solution of salts and other substances in water; 
and unless the osmotic pressure of these fluids was maintained approxi- 
mately equal to that of the cell contents, the cells, having walls perme- 
able to water, would be subject to rapid changes in size and composition. 
In spite, however, of the great variations in the amount of water ingested 
and absorbed, in the amount of water eliminated by skin and kidneys, 
and the wide variations in the amount of salts in the diet, it is found 
that the body fluids maintain a remarkable constancy in the total per- 
centage of salt that they contain and an even more remarkable constancy 
in the relative proportions of essential individual ions. 

Soluble salts exist in the body mainly as ions, and each ion exerts 
the same osmotic pressure as an undissociated molecule. Seeing that 
different molecules and ions have quantitatively identical effects on 
osmotic pressure, it is possible to consider the osmotic changes pro- 
duced by water and salts merely from the point of view of the total 
number of molecules and ions in solution, and regardless of any specific 
and chemical effects that these ions individually produce. 

Molecules and ions in solution by their migration distribute them- 
selves equally throughout a solvent. Tims when a solution of salt is 
brought into immediate contact with one containing sugar, the salt 
molecules and ions rapidly diffuse into the sugar solution and the sugar 
molecules into the salt solution until the whole becomes homogeneous, 
each fraction of the solution finally containing uniformly the same 
amount of sugar and salt. If a membrane were interposal between the 
two solutions of such a character that it was freely and equally per- 

( 43 ) 
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meable to water, sugar and salt, the result would be the same. Cell 
membranes, however, are not equally permeable to water and solutes. 
Pure water diffuses readily into nearly all cells, but most dissolved 
substances meet with some resistance in entering cells, and different 
tissues vary in this respect. When a more dilute solution is separated 
from a more concentrated one by a membrane, which allows more ready 
passage of the solvent than the solute, uniformity of the system can 
only be obtained by passage of the solvent from the less to the more 
concentrated solution; and the latter will increase in volume. If this 
increase in volume be prevented by containing the solution within 
unyielding walls, a pressure will be developed which is called the osmotic 
pressure. The amount of this osmotic pressure depends upon the dif- 
ference in concentration, but is independent of the type of ions and 
molecules on each side of the membrane. 

For determining the reactions of animal cells to variations in the 
osmotic pressure of extracellular fluids, the red blood corpusles are 
particularly suited. They are easily obtainable, already separate, and 
the changes they undergo in size and shape can be readily observed. 
Within the envelope of the red cell are salts and colloids in solution, 
which solution therefore possesses a definite osmotic pressure. Water 
penetrates readily into these cells and when they are placed in distilled 
water, water passes into them until they swell up and rupture. Sodium 
chloride hardly penetrates the red blood corpuscles. The mere fact 
that, though they are continuously laved by the plasma, they contain 
a higher concentration of potassium and a lower concentration of sodium 
than the surrounding plasma, proves that the wall of the red cells must 
be very impermeable to these ions, which otherwise would soon attain 
the same concentration inside and outside the cell. When the red cells 
are placed in a solution of sodium chloride of the same osmotic pressure 
as (£ c., isotonic with) that in the interior of the cell, there is no move- 
ment of water into the interior, since the water of the surrounding 
solution is held back by the sodium chloride. The corpuscles will, 
therefore, remain unaltered in shape and composition. If a solution of 
lower osmotic pressure (hypotonic) is employed, a certain amount of 
water is taken up from it by the cell, the weaker solution of sodium 
chloride being unable to compete with the attraction of the stronger, 
solution in the interior of the cell. On the other hand, if a solution of 
higher osmotic pressure (hypertonic) be used, it withdraws water from 
the cell, because the salts in the interior are unable to retain the water 
against the stronger concentration outside. 

Somewhat similar changes will 6ccur in all animal cells as the result 
of changes in their osmotic environment. Thus a muscle immersed in 
distilled water will swell up from imbibition of water and soon lose its 
excitability. A heart is rapidly arrested if perfused with distilled water. 
Such tissues will, however, retain their configuration, and for a time 
their excitability, if kept in a solution of sodium chloride of the same 
osmotic pressure as the interior of the cells. For mammals such a 
solution contains 0.9 per cent of sodium chloride in distilled water. It 
is often called physiological or normal saline solution, hut it must be 
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remembered that it is “normal" only in respect of its osmotic pressure. 

The cells in the body undergo continual readjustments in accordance 
with changes in the osmotic pressure of the body fluids, consequent 
upon variations in the absorption and elimination of water. The osmotic 
pressure of the blood, even under extreme physiological and pathological 
conditions, remains relatively constant. The maintenance of this con- 
stancy is one of the homeostatic mechanisms essential for the well- 
being of the organism, as the functioning and even the life of the tissues 
is only possible within a certain range of osmotic pressure above and 
below the normal. The changes that occur arc also not of so simple a 
character as has been described for the behavior of red cells in a solution 
of sodium chloride, mainly because different cells show differences in 
selective permeability to different salts. Ammonium chloride, for 
example, in contradistinction to sodium chloride penetrates red cells 
readily, and in solutions of this salt the red cells behave almost as if 
they were placed in distilled water. They are readily permeable to urea 
but not to sugar. Cells may even differ in their permeability to water 
itself. For example, water is readily absorbed from the intestine but 
scarcely at all from the stomach, but this can scarcely be due to dif- 
ference in the osmotic pressure of the interior of the cells lining these 
viscera. With these considerations it is possible to consider more 
generally the effects of water and salts. 

1. Water.— -"Water penetrates into the superficial cells of the skin, 
which therefore become swollen and softened by prolonged immersion 
in it. Water is not absorbed into the circulation through the skin in 
mammals, but is absorbed more easily by less protected surfaces, and 
pure water applied to surfaces like the conjunctiva or nasal mucous 
membrane or the surface of a wound may cause irritation and pain 
from the disturbance of the normal relation of salt and fluid in the sur- 
face celta. Isotonic solutions on the other hand, cause no pain. 

The amount of water ingested in food and drink varies enormously. 
Very little absorption of water occurs in the stomach but it is rapidly 
absorbed in the small intestine, so that only about 250 cc. of fluid 
chyme passes through the ileocecal valve daily. Much of the remaining 
water is absorbed in the large intestine, especially in the cecum nnd 
ascending colon, the contents of which are still quite soft. Apart from 
ingested water there is an important internal circulation of water, as 
the amount in the salivary, gastric and intestinal secretions may be as 
much as 4 liters, which is almost completely reabsorbed before reaching 
the cecum. 

When water is absorbed from the bowel and enters the blood stream, 
the dilution of the blood thus induced is so slight as to escape all but the 
most refined measurements Nevertheless, this dilution suffices to 
stimulate the kidneys to excrete the excess fluid unless the organism is 
dehydrated, in which case the v\ater passes into the tissues where it is 
retained One of the functions of the kidney is to maintain constant the 
osmotic pressure of the plasma, which in turn is in equilibrium with the 
tissues. 

Wien water is injected intravenously it does not lend to immediate 
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diuresis as it is taken up rapidly by the tissue cells. The muscles and 
subcutaneous tissues especially take up considerable stores of water, 
which can be given up as required. When there is excessive loss of 
water, e. g., from profuse sweating or diarrhea, the plasma becomes 
more concentrated and water can pass from the tissues into the plasma 
to restore the normal conditions. The concentration of salt in sweat 
is lower than that in the body fluids, so that sweating tends to con- 
centrate the salts in the blood. This provokes thirst, and the ingestion 
of water again dilutes the plasma. All the factors concerned in water 
metabolism cannot be explained by simple diffusion and osmosis, and 
there is some evidence of a central, as well as a humoral, control of the. 
water exchanges between the tissues and the blood. Pituitary extract 
has a remarkable effect in' inhibiting water diuresis and the diuresis of 
diabetes insipidus, producing this effect by its action on the kidney. 

A detailed consideration of all the factors involved in water exchange 
in the body belongs rather to the domain of physiology. Mention may 
be made here, however, of the deliberate use of water to effect a thera- 
peutic purpose. Consideration of the value of spa waters may be deferred 
until the action of salt is considered as, though the effect of these waters 
is mainly due to the water, they usually contain more or less salt. 

Water is used especially in febrile conditions to relieve thirst and to 
promote perspiration and diuresis. It tends to keep the mouth clean 
and wash out the stomach, as the latter absorbs little or none. It might 
be expected that a liberal supply of water would tend to keep the feces 
moist and so relieve constipation. It is ineffective for this purpose 
because most of the water ingested is absorbed in the small intestine, 
and in constipation the more prolonged residence of the contents in 
the large intestine gives longer time for absorption of the relatively 
small proportion of water that passes the ileo-cecal valve. If, however, 
a non-absorbable salt like magnesium sulfate be added to water, the 
absorption of water is checked and the feces become more fluid. 

The administration of large quantities of water leads to a slight but 
measurable increase in the oxygen consumption (Fig. 2) which is attrib- 
utable to the altered internal environment of the tissues as well as to 
the increased work of the heart and kidneys required for its elimination. 
There is also a slight increase in the nitrogen and sulfur eliminated in 
the urine. The amount of proteins and fats absorbed from the alimentary 
canal does not appear to be altered by the administration of large 
amounts of water. 

Heavy Water or deuterium oxide differs from ordinary water in that 
hydrogen is replaced by an isotope of atomic weight 2 (deuterium) 
represented by the symbol D. Heavy water (D 2 O) differs from ordinary 
water (H 2 O) not only in its physical properties but in its pharmacological 
effects as well. D 2 0 melts at 3.8°, boils at 101.4°, has a specific gravity 
of 1.05G and is more viscous than H 2 O. Administration of almost pure 
deuterium oxide, resulting in the body becoming 40 to 50 per cent 
saturated with it, causes death of mice in about seven days, the chief 
symptoms being loss of weight, fall of temperature, ataxia and dyspnea. 
Smaller amounts of D 2 O (20 per cent saturation) cause an increase, 
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larger amounts a decrease, of met'ihnlw* »••>**» 5 «- d «i - 

sympathomimetic action, e. ■ , , . 

of melanophores of Fundi ‘ 4 • • ‘ ■ 

ergotoxine and potentiated by epinephrine. Concentrations of over 
90 per cent are fatal to tadpoles and to some worms and fish. 

The substitution of hydrogen by deuterium has been studied also in 
other compounds. If the carbon-bound hydrogen of a physiologically 



Fjo. 2.— The changes in cardiac output, oxygen consumption and urinary output fol- 
lowing the ingestion of a liter of water by a normal individual. The time in ramutea fol- 
lowing the ingestion of the water (indicated by the arrow at 0} is given as abscissae. 


active compound is replaced by deuterium, the metabolism of such 
compounds after administration to the animal can be studied by tracing 
the route taken by the deuterium. Similar studies have been made with 
compounds containing isotopes of other elements and the results of 
such studies with "tagged elements" lias contributed greatly to our 
understanding of many metabolic processes. 
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2. Sodium Chloride.— The cation which contributes most to tlic 
osmotic pressure of the blood and interstitial fluids is sodium; within 
the cells, potassium fulfills the same role. With water, sodium chloride 
serves a most important function as the medium with which the cells 
are surrounded, and alterations in the salt concentration of the blood 
is reflected by a corresponding change in the interstitial fluid which in 
turn affects the water content of the tissue cells. 

Weak (hypotonic) salt solutions generally produce effects similar to 
those, already described, due to water only. Isotonic salt solution is 
non-irritant and has no positive action. Strong salt solutions irritate, 
from withdrawal of water from the cells. 

In the mouth salt has a characteristic taste. Salt in the diet has 
little effect on digestion apart from the fact that a small quantity of 
salt in the food renders it more palatable to most people and this increases 
the reflex flow of gastric juice. Large amounts of hypertonic salt solu- 
tion causes withdrawal of fluid and shrinkage of the cells of the mucous 
membrane of the stomach, which may set-up sufficient irritation to 
cause reflex vomiting. Part of this irritation may be due to penetration 
of the salt itself, because the more penetrating salts have a greater 
tendency to produce vomiting. Thus ammonium chloride produces 
vomiting more readily than sodium chloride; sodium sulfate less readily. 

Little if any salt is absorbed from the stomach but it is freely absorbed 
from the intestine. The cells of the intestinal mucous membrane are 
so easily permeable to sodium chloride that hypotonic or isotonic 
solutions are absorbed almost as rapidly as pure water. The absorption 
of stronger solutions may be preceded by a period in which the fluid of 
the bowel actually increases, water diffusing into it from the blood. At 
the same time the salt is being absorbed and the solution eventually 
becomes isotonic and is absorbed. 

The blood and interstitial fluids are affected by the osmotic changes 
consequent upon absorption of salt. The ingestion of isotonic saline 
and its entrance into the blood stream will cause a reduction in the 
colloid osmotic pressure of the blood. This in turn will result in a passage 
of fluid into the interstitial fluid but not into the cells as is the case 
following the ingestion of an equal amount of water. In other words, 
there will be a greater increase in blood volume and dilution of the 
blood and interstitial fluid following the ingestion of isotonic saline 
than occurs following the ingestion of water. This plethora induces a 
greater response on the part of the heart as shown in the increased 
cardiac output which follows the ingestion of normal saline. Since the 
kidneys also maintain a regulatory function on the blood volume, these 
respond to the ingestion of saline by an increased urinary output although 
this response is delayed as compared to that observed following the 
ingestion of water (Fig. 2). 

When very large amounts of isotonic salt solution -.are thrown into 
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the blood, the organism may have difficulty in excreting it rapidly 
enough, and the tissues are therefore found to be swollen and edematous 
in some parts of the body. 

When salt solution is injected into the serous cavities or into the 
lymph spaces, absorption occurs in the same way as from the alimen- 
tary canal, except that in the case of the serous cavities diffusion seems 
to play a greater, and the other forces a smaller role, than in the stomach 
and intestine. 

Strong salt solutions injected into animals either hypodermically or intra- 
venously sometimes prove fatal, apparently from the withdrawal of fluid from 
•the central nervous system. The symptoms in mammals are increasing lassi- 
tude and weakness, with augmented reflex excitability, tremors, and finally 
convulsions. The circulation j$ only slightly affected until ju°t before death, 
when the blood-pressure falls suddenly. The red-blood cells are found to be 
much shrunken, and hemorrhages arc found in different organs; the Kings are 
edematous, and the intestinal mucous membrane is swollen and congested. 

The Salts of the Urine are increased by diuresis from any cause, as has 
been stated; both sodium and potassium are augmented, hut espec/alij 
the sodium, which is present in larger proportions in the plasma and 
therefore forms a larger constituent of the glomerular secretion. This 
increase in the sodium salts is, of course, particularly marked when 
diuresis is induced by common salt, but when potassium salts increase 
the urine, the sodium also generally predominates in it and this would 
eventually lead to the loss of all the sodium in the blood of Iicrhivoru, 
whose food contains large quantities of potassium; but after a certain 
amount of sodium has been lost, potassium causes no further excretion, 
so that the tissues are protected from the total loss of sodium chloride, 
which would be fatal to them. 

In fevers, especially in pneumonia, the excretion of chlorides is often 
diminished. This is believed to be due to the tissues in fever taking up 
more water and chloride, reducing the volume and the chloride content 
of the Wood. 


Therapeutic Uses.— Water and salt are used for their local action, and 
for the supposed alterations in the tissue-change and in the excretions 
produced by them after their absorption into the blood, fn general, 
patients are sent to watering places and baths, where, as Sir ‘Walter 
Scott says, “the invalid often finds relief from his complaints, les^> from 
the healing virtues of the spa itself, than because his system of ordinarj 
life undergoes an entire change, in his being removed from Ins ledger 
and account books— from his legal folios and progresses of title deeds— 
from Ms counters and shelves— from whatever ehe forms the main 

4 
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source of his constant anxiety at home, destroys his appetite, mars the 
custom of his. exercise, deranges the digestive powers, and clogs up the 
springs of life.” At the same time the drinking of large quantities of 
weak salt solutions, and the constant bathing in somewhat irritating 
fluids, may exercise a therapeutic action in many cases, and may at 
any rate aid the hygienic conditions. Whether the water contains salt 
or not, it must be remembered that in bathing the action is a purely 
local one, for neither the salt nor the water is absorbed. The slightly 
irritant effect on the skin may, however, improve its circulation and 
nutrition, and thereby be efficacious in some skin diseases. 

The bath treatment has been recommended for numerous disease? 
in which the salt and water could not possibly have any beneficial 
action, and in which the remedial agent is the climate, and perhaps the 
faith of the patient in the water. Belief in the healing power of certain 
natural waters is one of the most ancient of all therapeutic theories, is 
found among altogether uncivilized pebples, and has been incorporated 
in many religions. It is not to be wondered at that in some nervous 
disorders the faith of the patient and auto-suggestion perform some 
marvelous “cures.” 

Salt in solid form or in strong solution is used occasionally as an 
emetic in cases of emergency, as in poisoning, and generally produces 
vomiting rapidly, owing to the irritant action on the stomach. In 
nitrate of silver poisoning it arrests the corrosive action by the forma- 
tion of the insoluble silver chloride. 

Salt solution is often used instead of water in cncmata and when 
concentrated possesses an irritant action on the bowel, producing 
peristalsis. Strong solutions are sometimes thrown into the rectum to 
destroy thread worms. 

The cramps and collapse which may follow exposure to heat is a 
result of the loss of sodium chloride in the sweat. Sodium chloride, 
usually in the form of 0.G gram tablets, is therefore administered to 
those exposed to high temperatures in order to avoid the undesirable 
symptoms which follow profuse sweating. Sodium chloride is also 
administered in adrenal cortical insufficiency as described later (p. 550). 

Isotonic salt solutions are often administered when the body has 
lost much fluid in order to replenish the depleted blood volume, as well 
as the fluid lost from the interstitial spaces. Sucli a condition is desig- 
nated as dehydration and occurs in a number of clinical conditions. The 
simple administration of isotonic salt solution will remedy this deficiency 
but in many cases dehydration is complicated by other deficiencies 
which must also be remedied. For example, following hemorrhage, 
burns or other conditions accompanied by shock, the administration of 
saline is only of temporary benefit since the reduction in colloid osmotic 
pressure secondary to the loss of the blood proteins will allow the 
injected saline to rapidly diffuse into the interstitial fluid and thus be 
lost from the blood stream. Hence, in this case, the administration of 
blood or plasma is indicated. In other instances, dehydration is accom- 
panied by the loss of excess base (as in diarrhea) or of chloride (as in 
vomiting) leading to acidosis or alkalosis and these must be remedied 



WATER AND SALTS 


51 


by tile administration of the deficient anions and cations, respectively 
Attempts have been made to utilize various colloids as substitutes for 
blood plasma. Acacia had a brief vogue and more recently gelatin, 
periston, a synthetic colloid, as well as other relatively non-toxic mate- 
rials have been suggested. However, most of these substitutes exert 
deleterious actions as manifested by the increased sedimentation rate 
of the red blood corpuscles following their administration, and hence 
they have found no permanent place in therapy. 

Sodium chloride in the form of intravenous isotonic saline is admin- 
istered to overcome the dehydration following operations, vomiting, 
diarrhea, Addison’s disease (cf. p. 55G), diabetic acidosis, cholera and 
other conditions manifested by a state of shock, and decreased blood 
volume. Blood or plasma, if available, is indicated where there is a con- 
comitant deficiency of blood cells or bfood protein. 

The isotonic salt solution ordinarily employed is inferior to the 
Ringer’s solution, which contains the other salts of the alkalies in approxi- 
mately the proportions in which they arc found in the plasma (XaOl, 
8.5 gram; KC1, 0.3 gram; NaHCOj, 0.2 gram; and CnCliyO'2 gram 
in a liter of distilled water). Excised organs live for many hours in this 
balanced solution, while they lose their vitality rapidly in an isotonic 
solution of sodium chloride. The presence of lime salts is particularly 
important. 

The water which is used to dissolve the salts must be recently dis- 
tilled and kept aseptic; otherwise the fluid, if injected intravenously 
or hypodermically, is liable to cause fever symptoms from the presence 
of toxic substances derived from dead bacteria. If injected too rapidly, 
or in individuals in whom the renal or cardiac functions are deficient, 
the administration of excessive amounts of saline may lead to pul- 
monary edema which may prove fatal if severe, or to edema of the 
tissues. The promiscuous use of saline injections is thus to bo deprecated 
Where ederna exists as a result of heart or kidney failure, the administra- 
tion of a diet low in sodium content aids in the removal of this dropsy . 

Preparations 

Liquor Sodii Culorioi Ibotonicus, (U. S P.) physiological solution of 
sodium chloride. 0 9 per cent sodium chloride in distilled w atcr. 

Liquor Sodii Chloiudi Putsiologicus (B. P.), physiological solution of 
sodium chloride, physiological saline solution, normal saline solution 

Injecho Dextrosi bt Sodji Cbiorjdi (U.S P.), «. sterile solution of dextrose 
and sodium chloride in u atcr. 

I.vjectio Sodii Ciilokidi et Acaci « (B. P-), a sterile freshly prepared solution 
of sodium chloride and acacia. 
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3. Saline Diuretics.— The amount of urine is increased hy nil solids 
which arc eliminated by the kidney, ns well as by an excess of fluid in 
the blood. Tor the kidney is unable to excrete solids except in solution, 
and every molecule which is passed through it carries with it a certain 
amount of water to augment the secretion. Only substances which can 
circulate in the body in considerable quantities can be used to increase 
the urine in this way, and in practice the chief diuretics of this class 
are comprised of the indifferent salts and similar harmless bodies. In 
order to act as diuretics these must be readily absorbed from the ali- 
mentary tract and this excludes a large class of salts which increase the 
urine greatly when they arc injected intravenously, but which arc 
absorbed with difficulty and are therefore used mainly for their effects 
on the intestine (sec Saline Cathartics, p. 230). 

Among the saline diuretics arc the chlorides of sodium, potassium 
and ammonium, though these arc seldom prescribed for this purpose; 
their diuretic action is seen, however, in the treatment at spas and 
water-places. The cerebral action of the bromides precludes their use 
as diuretics, though an increased secretion of urine accompanies their 
use in therapeutics. The iodide of potassium is often added to other 
diuretics to reinforce their action, but is liable to induce other symp- 
toms when given in large quantities. The typical saline diuretics are 
the nitrates of the alkalies and the urea group. 

The Nitrates have a cool, saline taste, and ordinary doses taken in 
water have no effect except to produce an augmented flow of urine. 
They have long been used as diuretics, more especially the nitrate of 
potassium. The diuresis is generally attributed to the salt-action, which 
increases the exchange of fluid between the blood and lymph and thus 
promotes the filtration in the kidney. The presence of nitrate and 
potassium ions in the filtrate retards the reabsorption of fluid in the 
tubules and thus leads to a larger proportion reaching the ureters. 

Large quantities in concentrated solution may cause gastro-intestinal 
irritation, giving rise to pain in the stomach region, nausea, vomiting, 
and sometimes diarrhea, and blood may be present in the vomited 
matter and in the stools. The urine is often abundant, but mav be 
scanty or entirely suppressed. In rare cases these symptoms are fol- 
lowed by muscular weakness, apathy, collapse, and eventually coma 
and death. At the autopsy the stomach and intestines arc found red 
and congested, and contain blood extravasations. The kidney is said 
to have presented the symptoms of acute nephritis and hemorrhages in 
some cases of poisoning. 

The effects of nitrates are for the most part those of an indifferent 
and diffusible salt, but it is possible that this may be reinforced by 
some further irritant action, for smaller quantities of the nitrates than 
of the chlorides are sufficient to induce irritation, and solutions of the 
nitrates isotonic with the blood cause irritation and congestion in the 
intestine and are slowly absorbed. This irritant effect of the nitrates 
has been explained as the result of the reduction of the nitrates to 
nitrites in the alimentary canal and tissues, but no symptoms of nitrite 
action seem to have been observed in cases of poisoning with nitrates. 
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Haldane has shown that nitrite is formed from the nitrate used in the 
preservation of meat fay salting, and that some nitrous-oxide hemo- 
globin is formed and gives a bright red color to the meat. 

Water itself, as we have seen, is an excellent diuretic. The nitrates of 
the alkalies have also been used for this purpose, particularly potassium 
nitrate. A more powerful diuretic which is less apt to cause the gastro- 
intestinal irritation or the toxicity sometimes seen following the use of 
the nitrates, is urea. Twenty grams of urea given by mouth produce a 
rapid diuresis and normally the whole of the urea is excreted within 
twenty-four hours. Urea obviously should not be used in conditions in 
which its excretion is deficient as evidenced by an elevation in the urea 
content of the blood. 

Ammonium Acetate and Citrate are indifferent salts but undergo oxida- 
tion in the tissues and finally form urea which acts as a diuretic in 
passing through the kidney. They were formerly supposed to increase 
the secretion of sweat but this action is insignificant. 

Therapeutic Uses.— The saline diuretics are seldom used except as 
ingredients of diuretic mixtures; e. g., along with digitalis, or to render 
the urine more dilute and thus to reduce its acidity in irritation of the 
genito-urinary tract. Where it is merely desired to increase the volume 
of the urine, the ingestion of water, fruit juices, or other liquids suffices 
to induce the desired diuresis. Where more effective diuresis is desired, 
as in edema, the purine derivatives and organic mercurials are generally 
used (p. 142 and p. 393). 

Preparations 
U. S. P and B P. 

Potassii Nitrab, nitre, galtpeter (IvNO,), colorless crystals with a cool, 
saline taste, very soluble in water, prescribed in dilute solution Dose 1 gram 
(U. S. P.); 0.3 to 1 gram (B. P.). 

Urea, CO(Nff,),, colorless crystals with a cool saline taste, soluble in equal 
parts of water. Dose, 8 grams (U. S. P.); 1 to 16 grams (B. P.). 
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n. SALTS OF THE ALKALIES 

1. Potassium Salts. —Potassium is the? important cationic constituent 
of the intracellular fluid being present in an amount which osmotieally 
balances the sodium of the extracellular fluid. It is present in the blood 
in a concentration of about 20 mg. per 100 cc. Potassium constitutes 
an important and vital component of the cell and body fluids. Animals 
fed a diet practically devoid of the element soon die but since this 
element is present in large amounts in many foodstuffs, a deficiency of 
it is not encountered clinically 

Although an essentia! constituent of the body cells nnd fluids, potas- 
sium is toxic when present in excessive amounts. Following an intra- 
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venous injection of potassium chloride, this toxicity is manifested chiefly 
on the central nervous system and heart. In mammals the chief nervous 
symptoms arc great muscular weakness and apathy. The respiration 
becomes rapid and labored, probably from the anemia of the center. 
Potassium first increases the activity of the spinal centers and then 
paralyzes them in mammals, but this is concealed by the depression of 
the heart when the drug is injected intravenously. 

The depression of the heart is shown in the frog by weakness, slow- 
ness and irregularity when chloride of potassium solution is injected 
subcutaneously, but is more dearly demonstrated by the rapid failure 
of an excised heart when a chloride of potassium solution is perfused 
through it. An isotonic solution of common salt may restore the heart 
beat after it has been stopped by potassium, which proves conclusively 
that the latter has a specific poisonous action in addition to any salt- 
action. Ilingcr found that the beat of the frog's heart perfused with, a 
solution of common salt was not so satisfactory as that of one perfused 
with the same solution to which some potassium salt lmd been added, 
probably because when the fluid perfused contains no potassium, some 
of the salts of that metal diffuse out of the muscle cells and this disturbs 
the ratio between the potassium and sodium which is necessary to life. 

The mammalian heart is also injured by the action of potassium when 
the salt is injected intravenously, as is shown by weakness and dilata- 
tion, slowness of the pulse, heart block, and finally by ventricular 
fibrillation not infrequently; the fibrillation is due to a combination of 
increased automaticitv and intraventricular block (Nahum and lloft). 
The blood-pressure falls abruptly partly from this action on the heart, 
which appears to be a direct one on the muscle, but a reflex vasodilation 
from an action on the carotid sinus may also play a part (Ilauss and 
Shen). The poisonous action of potassium on the heart has given rise 
to exaggerated apprehensions of the danger of using its salts in thera- 
peutics, and it may therefore he noted that potassium has no effect on 
the heart when given by the stomach, and that very much larger quan- 
tities of potassium are taken daily in the food by thousands of persons 
than are ever prescribed in medicine. The absence of effects from the 
potassium ion when the salts are taken by the mouth is due to their 
rapid excretion in the urine. 

The failure of the heart is the cause of death in mammals when potas- 
sium salts are injected into a vein, the respiration and the reflexes often 
persisting for a few seconds afterward. In the dog the heart is arrested 
in systole when the blood concentration is three or four times the 
normal. When potassium salts are injected into an artery, so that they 
Can reach the peripheral vessels before the heart, they cause marked 
vasoconstriction with an abrupt rise in the blood-pressure; this action 
appears to he a direct one on the walls of the arterioles for the most 
part, though it is possible that this is reinforced by stimulation of the 
medullary and spinal vasomotor centers. 

Potassium also plays a role in the transmission of the nerve impulse, 
the release of acetylcholine being associated with a diffusion of potassium 
from the nerve cell. Conversely, potassium simulates to some extent 
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tlie action of acetylcholine so that for a time it was believed to represent 
the chemical mediator of cholinergic nerve fibers. Excessive amounts of 
potassium reduce the excitability of the nerves and the amplitude of 
their action current. Potassium also exerts an anti-curare action. 

Therapeutic Use ot Potassium.— Apart from the superior diuretic action 
of the potassium over the sodium ion, there is little to choose for most 
purposes between potassium and sodium salts. In some cases the 
potassium salt may be more suitable because of some physical property, 
c, g., potassium bromide is less deliquescent than sodium bromide, in 
other cases the preference for potassium salts is merely traditional. The 
salt most commonly employed as a diuretic is potassium acetate, the 
nitrate being now rarely used. Recently caution has been urged against 
the indiscriminate use of potassium salts in Bright's disease as the 
retention of potassium may cause cardiac failure. Likewise m Addison’s 
disease where there is an accumulation of potassium in the blood, the 
use of a diet low in potassium is desirable. Converse^*, an adequate 
intake of potassium is necessary when deoxycorticosterone is odium- 
istered since this drug tends to reduce the potassium content of the blood 

Recent clinical experience has shown that potassium has a definite 
effect on the contraction of voluntary muscles, either on the peripheral 
neuromuscular transmission or on the contractile response of the 
muscles. In the condition known as “familial periodic paralysis” the 
serum potassium is abnormally low during die para hi -tic attacks, paral- 
ysis developing when the serum potassium falls Mow 12 nig. per 100 cc. 
Administration of potassium chloride by mouth in doses of 5 to 10 grams 
mist's the scrum potassium and abolishes the paralysis I^irge do«cs of 
potassium chloride also cause some improvement in muscular contrac- 
tion in myasthenia gravis. Potassium chloride in doses of 2 to f> grams, 
three or four times daily has also lx>en used in the treatment of Meniere’s 
disease but its mechanism of action in this disorder is not clear. 
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enteritis and extravasations of blood into the stomach and bowel arc induced by 
its subcutaneous or intravenous injection and these arc the cause of death in 
fatal poisoning in animals. Such violent effects arc less easily elicited by the 
administration of lithium by the mouth, though vomiting and purging have 
i 1 «i c « nn .; ,i; 0 (.,.K l ,„ n „ „r ti, n 


earths. Most of it appears in the urine, however, and here the excretion is 
slow, for traces may be found in it for many days or even weeks after a single 
administration. 

Rubidium seems to act on the frog’s heart and on muscle cells in much the 
same way as potassium. It is slowly excreted by the kidneys; traces are found 

also i . ** 

O . ■ ■ : ...... 

tary _ ■ 
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alimentary tract in mammals. In the frog it induces weakness of the muscles 
and paralysis. According to Kisch, caesium salts have an action on the excit- 
ability of the frog’s heart similar to that of calcium but on its contractility 
similar to that of potassium. 
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3. Ammonium.— Although ammonium is not a metal, its behavior in 
the body resembles in many points that of tiic fixed alkalies, and it 
may therefore best be studied along with them. The solutions of ammo- 
nia and the gas itself are strongly alkaline and therefore powerful irri- 
tants, and the general action of the ammonium ion can be determined 
only by the examination of those of its salts in which, as in ammonium 
chloride, the effects of the anion can be neglected. The action of chloride 
of ammonium is due to the specific action of the base and to the salt- 
action. 

Action.— Its most striking effect is the stimulation of the Central 
Nervous System, which is induced when it is injected subcutaneously 
or intravenously. The reflex irritability is mucli increased, and this 
may be followed bj’ tetanic convulsions, both in frogs and mammals. 
These convulsions persist after division of the cervical spinal cord and 
destruction of the medulla oblongata and brain, and arc evidently 
caused by changes in the spina! cord, similar to those met with in 
strychnine poisoning. The medullary centers arc also involved, for the 
respiration very often ceases for a moment, and then becomes much 
accelerated, and in some instances deeper, from stimulation of the 
center. 

The blood-pressure rises from contraction of the peripheral arterioles, 
induced by stimulation of the vasomotor center, while the heart is 
sometimes slowed from increased activity of the inhibitory center, but 
is said to be accelerated in other cases, whether this arises from action 
on the cardiac muscle or on the accelerator center is still unknown. 

During the convulsions the respiration is arrested and the blood- 
pressure becomes extremely high. If large enough quantities be injected, 


) 
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the stimulation is followed by paralysis of the central nervous system 
and the animal dies of asphyxia, but if artificial respiration be carried 
on, it recovers rapidly, from the salt being eliminated. 

In the frog ammonium chloride tends to paralyze the terminations 
of the Motor Nerves, but little or no such action is met with in mam- 
mals. This marked curare-like action differentiates the ammonium 
tetanus of the frog from that seen under strychnine, as the spasms last 
a shorter time, and soon become weaker, from the impulses failing to 
reach the muscles through the depressed terminations. The Muscles 
themselves are also acted on by ammonium in much the same way as by 
potassium. Ammonium chloride is credited with rendering the mucus 
secretion of the stomach and bronchi more abundant and less tenacious, 
but there seems little foundation tor this belief. 

Ammonium salts penetrate most cells of the body more freely than 
the salts of the fixed alkalies, and solutions of ammonium chloride are 
therefore absorbed more rapidly from the stomach and intestine than 
those of sodium or potassium chloride. They permeate into the blood 
cells with still greater freedom, and, in fact, solutions of the chloride 
of ammonium meet with little more resistance in entering the red-blood 
corpuscles than does distilled water. If ammonium be combined with 
a non-permeating ion it penetrates the blood cells or the intestinal 
epithelium with difficulty, however, so that the sulfate of ammonium 
is slightly cathartic, although less so than the sulfates of the fixed 
alkalies. (See Saline Cathartics.) The epithelium of the lungs has been 
stated to be impermeable by the ammonium ion, but this appears to be 
incorrect (McGuigan). 

Wien ammonium salts are taken by the mouth, they have little or 
no tendency to cause symptoms from either the central nervous system 
or the heart. No case is known in which convulsive attacks could be 
shown to be due to the direct action on the central nervous system in 
man, and it is very doubtful whether the circulation is affected at all. 
Ill Some cases of poisoning with ammonium hydroxide, convulsions have 
occurred, hut these seem to he due to the violent irritation caused by 
the strong alkali. 

Excretion,— -Some ammonium i -> excreted unchanged in the urine, while 
some is changed to urea. This transformation, which probably takes 
place in the liver chiefly, proceeds very rapidly, so that considerable 
quantities may be injected slowly into a vein without inducing any 
symptoms whatever. This formation of urea occurs more readily in the 
herbivom than in man and the carnivora, and is especially seen when the 
ammonium is gi\c» in the form of the carbonate or of salts which arc 
oxidizes! to the carbonate in the body, such as the acetate and citrate; in 
the herhivora the abundant fixed alkali of the blood and tissues dis- 
places the ammonium of such salts ns the chloride, ami the carbonate of 
ammonium thus formal is changed to urea, while in the carnivora and 
man, the supply of fixed alkali is levs abundant and the ammonium 
chloride is not changed to the same extent. 

When ammonium chloride is ingested, the Nil* portion reacts with 
earlmn dioxide to form urea, liberating hydrochloric acid. This causes 
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a reduction of the alkaline reserve of the blood. Large doses of ammo- 
niutn chloride produce acidosis with resulting hyperpnea and a fall of 
CO2 tension. This is accompanied by diuresis, apparently because the 
acidosis causes a loss of salt and water from the cells into the extra- 
cellular fluid, and diuresis is produced by the salts and water thus 
liberated in the blood. 

Ammonium salts of the inorganic acids and of benzoic acid all produce 
an acidosis as described while this is apparently not true of ammonium 
acetate, perhaps due to its rapid destruction and removal as carbon 
dioxide by the lungs. 

The urine is often increased by the exhibition of ammonium salts; 
ammonium nitrate apparently being the most active. It is to be noted 
that, while the alkaline salts of the fixed alkalies render the urine less 
acid or even alkaline, ammonium salts have no such effect, because they 
are excreted as urea or as neutral salts. 

In birds and reptiles ammonia is excreted as uric acid. 

The Substituted Ammonias of the methane series, such as methylamine, and 
some of those of the aromatic series resemble ammonium in their general effects, 
but the stimulation of the central nervous system is not often so marked. In 
general terms, those compounds in which one hydrogen atom is substituted, 
tend to cause greater nervous stimulation than those in which two or three such 
substitutions are made, while this action is again more prominent in those in 
which four alkyl groups are combined with the nitrogen. In addition, most of 
these compounds seem to have a more depressant action on the central nervous 
system afterward than ammonium, and they all tend to weaken and eventually 
to paralyse the terminations of the motor nerves. Some of them slow the heart 
by an action resembling that of muscarine, while others act on the peripheral 
ganglia like nicotine. 

The ammonium bases formed from the natural alkaloids appear to have less 
action on the central nervous system, but act like curare on the terminations 
of the motor nerves 

Trimethylaminc oxide is of interest in the fact that it occurs as a normal 
constituent of the blood in certain fishes in which it plays an important rdk 
in nitrogen metabolism. 


Therapeutic Uses.— Ammonium chloride is prescribed chiefly for its 
effects on the respiratory mucous membranes, and is a very common 
constituent of expectorant mixtures for bronchitis and catarrh. It acts 
as an expectorant mainly by reflex irritation of the stomach, and increases 
the bronchial secretion. A lozenge is often used for sore throat, and 
chloride of ammonium solutions are occasionally inhaled or sprayed into 
the throat. It has also been prescribed in gastric catarrh with benefit 
in some cases, but whether this is due to its acting oh the mucous secre- 
tion is unknown. 

Ammonium chloride solution may be injected intravenously in cases 
of alkalosis. When used for this purpose, it must be injected very 
slowly in the form of a sterile 0.8 per cent solution in water. 

Ammonium chloride is prescribed in the form of enteric coated tablets 
to increase the acidity of the urine and as a diuretic. It is given in doses 
of 1 to 2 grams, four times a day, and may be used in conjunction with 
digitalis or the mercury diuretics. 
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Aromatic spirits of ammonia is used as a stimulant by inhalation or 
orally in a dose of 2 cc. well diluted with water. 

Preparations 

Auuonti Cjiloiudum, ammonium chloride (NH,CI), a white, crystalline 
powder, odorless, with cool saline taste. Soluble 1 in 3 of water. Dose, U. S. P. 
as expectorant, 0.3 gram, as diuretic 3 to 0 grams daily, B. P., 0 3 to 4 grams. 
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HI. SALTS OF THE ALKALINE EARTHS 

1. Calcium.— Calcium is the most abundant mineral present in the 
body, approximately 2 per cent of the body weight being comprised of 
this element. It plays a role as a constituent of the skeleton, in the 
coagulation of the blood and in the maintenance of normal neuro- 
muscular irritability. 

Calcium and the other alkaline earths differ from the alkalies in pos- 
sessing comparatively few very soluble salts, and they seldom effect 
such changes in the physical properties of the fluids of the body as have 
been described under salt-action and chloride of sodium. Even the 
soluble salts penetrate with greater difficulty into the various tissues 
of the body, which seem to have less affinity for them than for the salts 
of the alkalies. They precipitate colloids, such as the proteins, in more 
dilute solutions titan the salts of the alkalies, and the precipitate is not 
rcdissolvcd by dilution with water. This precipitation of proteins 
appears to account for the pain and irritation which follow the subcu- 
taneous injection of the more readily dissociable salts such as the chloride. 

Action.— The soluble lime salts arc Absorbed with difficulty from the 
stomach and intestine and retard the absorption of fluid. They would 
presumably have a cathartic action were they not thrown out of solu- 
tion very rc.idi))- by the alkaline flniih. J» addition, rairium forms 
insoluble salts with all of the cathartic anions. The greater proportion 
of the lime, taken either in the food or as a remedy, unquestionably 
leaves the body in the stool-, miab-orbod, while a smaller quantity of 
it is taken up from the alimentary canal whether the lime be adminis- 
tered in a soluble or in an insoluble form. This circulates in the blood, 
partly as diffusible salts hut partly in combination with proteins, and 
is slowly excreted, unless there is a deficiency in the supply of lime, 
when it may be utilized by the tissues. When larger quantities are 
thrown into the Mood bj intravenous injection, the calcium of the 
Mood remains abnormally high fora short time, but all the calcium thus 
injected is not m the circulation throughout its stay in the body. Some 
of it is tcnqxjnirily deposited and is gradually withdrawn and excreted 
after the first excess js eliminated. 

The absorption of calcium takes place from the upper part of the 
small intestine The amount absorlwd from the diet varies depending 
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upon the motility of the bowel, the presence of fatty acids which form 
insoluble soaps, the acidity of the intestinal contents and the presence 
of phosphates and other cations which form insoluble calcium salts. 
Acidity favors the absorption of calcium. Vitamin D is also an essential 
factor for the normal absorption as well as the utilization of calcium. 

The serum in health contains 9 to 11.5 mg. Ca per 100 cc. Of this 
only about 4.25 to 5.25 mg. exist as calcium ions. The remainder is 
in some indiffusible combination with protein. The Ca in the serum is 
remarkably constant, so that some mechanism must exist to maintain 
a balance between absorption, deposition and elimination. Factors 
which have been found to assist in controlling the concentration in the 
serum are the amount and availability of the calcium in the food, the 
body stores, the reaction of the tissue, the presence or absence of 
vitamin D, and the parathyroid hormone. 

The normal calcium requirements for a healthy adult have been 
estimated at 0.8 gram of calcium per day. This is a minimum amount 
and more is required during growth, pregnancy or lactation. An ill- 
balanced diet may easily contain too little calcium. Cow’s milk con- 
tains about 0.12 per cent of calcium, about five times as much as human 
milk. A pint of cow’s milk provides a full day’s ration of calcium in an 
easily assimilable form. 

Approximately one-fourth of the ingested calcium is excreted in the 
urine, the remainder appearing in the feces. Even during starvation 
small amounts of calcium continue to be excreted by the bowel. 

The total calcium content of the serum varies considerably in response 
to changes in the inorganic phosphate and protein content of the blood. 
The ionic calcium content, on the other hand, remains relatively con- 
stant under these conditions. Since it is this ionic calcium which is 
physiologically important, symptoms will not occur unless the con- 
centration of this fraction is altered. A diminution, as seen in hypo- 
parathyroidism, results in tetany which is marked by hyperirritability 
of the neuromuscular system. An increased concentration of ionic 
calcium such as is observed in hyperparathyroidism results in a dimin- 
ished irritability of the neuromuscular system. 

Calcium deficiency is observed chiefly in avitaminosis D in which 
the absorption and utilization of calcium is defective leading to rickets 
in childhood and osteomalacia in the adult. Abnormalities in function 
of’ 1 ' * 11 . ■’ 1 1 * . *’ lcium metabolism 

(c/ : ' ■ : . . ■ with the absorp- 

tion oi calcium;, renal msuiiiciency, as weii as uiets deficient in calcium 
may all lead to a loss of calcium salts from the bones (osteoporosis). 

Balanced Salt Solutions. — A curious relationship has been shown to exist 
between the calcium and potassium salts. Thus when a frog’s heart is perfused 
with sodium chloride solution containing a trace of calcium, the movements 
are not entirely normal, the contraction being somewhat prolonged and the 
relaxation much retarded. If a trace of potassium chloride is added, however, 
the contraction becomes normal in character. On the other hand the effect of 
potassium on the frog’s heart is antagonized by the addition of lime. The 
same holds true for voluntary muscle, the salts of calcium tending to neutralize 
the effects of potassium, and vice versa, and in several other relations an antagon- 
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ism has been observed between these two metals. Another marked antagonism 
was shown by Meltzer, that toxic quantities of magnesium can be completely 
neutralized by calcium, And, as the symptoms of magnesium poisoning in 
mammals are characteristic, the recovery of animals when calcium is injected 


may be prevented by precipitating its calcium salts in tnc torm ot 
oxalates. The fibrin-ferment is not formed except in the presence of 
calcium salts, and when oxalates are added to the blood before this 
ferment is developed, they prevent its formation and hinder clotting. 
When lime salts are added, the ferment is liberated and coagulation 
occurs at once. In other words, lime is not necessary for the activity of 
the fibrin-ferment, but for its development from the prothrombin in 
■which it exists in the circulating blood. 

Therapeutic Uses.— Calcium i:> used therapeutically in conditions of 
abnormalities of calcium metabolism in which there is a deficiency of 
this clement. 

During pregnancy the constant demand on the part of the growing 
fetus for calcium puts a heavy tax on the calcium metabolism of the 
maternal tissues and the senim calcium is frequently somewhat dimin- 
ished especially toward the end of pregnancy. A low serum calcium has 
also been found in eclampsia. It is important that the maternal diet 
should contain a liberal daily ration of calcium both during pregnancy 
and during lactation, when the calcium requirements may be nearly 
doubled. The condition of osteomalacia occurring in pregnancy is not. 
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however, arrested merely by giving calcium salts in food, but is prevented 
if vitamin D be given in addition. 

In tetany, the administration of calcium salts induces a rapid sub- 
sidence of the carpopedal spasm, twitchings and other symptoms char- 
acteristic of this disorder. For prompt relief when necessary the intra- 
venous injection of 5 to 20 cc. of a 5 per cent solution of calcium chloride 
or a 10 per cent solution of calcium gluconate is indicated. The latter 
salt is less effective than the former but is also less irritating. In the 
case of calcium chloride, great care must be taken that the injection he 
made slowly and that none of the solution escapes from the vein. Other- 
wise a slough will result. Intravenous calcium is only used for the relief 
of the acute symptoms. The condition is then managed by the use of 
specific substitution therapy (c/. p. 551) and calcium by mouth. For 
the latter purpose a 25 per cent solution of calcium chloride in the syrup 
of glycyrrliiza may be given in doses of 10 cc. several times daily. Cal- 
cium lactate or calcium gluconate arc less apt to induce gastric irritation 
and may be given in large doses (10 to 25 grams daily). They are best 
given mixed with milk, fruit juices or sprinkled over cereals in divided 
doses throughout the day. 

Calcium salts are also administered in conjunction with vitamin D 
in conditions in which there is a deficiency of lime in the bones as in 
osteomalacia, osteonephropathy or other conditions associated with 
generalized osteoporosis. Citric acid or fruit juices may be added to aid 
in the absorption of the calcium from the gut. 

Because of its effects in modifying permeability and blood coagula- 
tion the use of calcium salts has been recommended in such diverse 
conditions as urticaria, angioneurotic edema, purpura, etc., but there 
is no evidence to indicate their value in these disorders. Calcium chloride 
or gluconate are injected occasionally to relieve the spasm of intestinal, 
ureteral or gall bladder colic or abdominal spasm which follows the bite 
of poisonous spiders or other insects. 

The preparations of the oxide and hydrate owe their activity chiefly 
to their alkalinity and not to the calcium, but differ from the hydrates 
of the alkalies in their insolubility and in their slow absorption. Lime 
water tends to neutralize the gastric juice and has an astringent effect 
in the intestine which is probably due to its forming an insoluble com- 
pound with the surface proteins, in the same way as tannic acid. Lime 
water is used in some dyspeptic conditions, especially in vomiting. It 
is often added to milk in intestinal irritation in children and in typhoid 
fever, as it is said that milk thus treated coagulates in finer particles 
than when given alone, and is better digested and less liable to disturb 
the intestine. Lime water or syrup of lime is also used as an intestinal 
astringent in diarrhea, especially in children. As an antacid in the 
stomach, lime is inferior to magnesia and other alkalies, because it tends 
to delay the evacuation of the contents. Lime water is not applicable 
in cases of acid poisoning, as it contains much too little of the base to 
be serviceable, but the syrup may be used, or lime shaken up with 
water (milk of lime). The treatment with lime is specially indicated in 
1 cases of oxalate poisoning. 
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Lime water lias been used externally as a protective, mildly astrin- 
gent application to ulcers, and ( the lime liniment, no longer official, was 
formerly much used in the treatment of burns. It derived its name of 
Carron oil from having been used for this purpose in the iron works at 
Carron. 

The preparations of the carbonate of lime are used as antacids in 
hyperacidity of the stomach, especially when this is combined with a 
tendency to diarrhea. The mixture, or the aromatic powder B. P., is 
the form generally used, and may be prescribed with opium or with 
other astringents. 

Externally, prepared chalk is used its a powder to protect irritated 
parts of the skin and occasionally in ulceration; it is the chief ingredient 
in many tooth powders. 

Preparations 

Calcii Cardonas Precipitatos, precipitated chalk (17. S. P), Cal.ch 
Carbonas, calcium carbonate (B. P.), (CaCOj), a fine, white, microcn stalJme 
»• ** ' • • *** ttcp i . n n i « 


injection, 03 to 1 gram. 

Calcii Chloridum Hvdratoii (B. P ), hydrated calcium chloride, (CaCI t> 
0H,C' " - *-* - ■ * ~ 

Cl - 
It h. 

fore muie irritant tnan tttc cmoriues oi tne alkalies and other alkaline 
earths; it ought to be prescribed only in dilute solution, and should not be 
injected into the subcutaneous tissues or muscle, as it causes great pain and 
sometimes even sloughing. Instead of the chloride, the lactate has been em- 
ploye* ' ' *' • ’ *' r v ' ‘ating more slowly 

and • 

Ca • ■ . ra! 3 grams, intra- 

veno ‘ s been extensively 

used . ‘ate. It is a white 

granular ponder, slowly soluble in nafer 

Injectio Calcii Gluco.vatis (B P), injection of calcium gluconate Do**?, 
10 to 20 mils. 

Cjacu IWjhioximjm (B P.), slaked lime (Ca(OHd, a soft w Kite powder, 
slightly soluble in water Dose, 0 3 to 1 gram 

Lrciuon Calcii IIvdroxidi (U. S P , B P ), lime water, is a saturated solu- 
tion of calcium hydrate or slaked lime and contains about 0 15 per cent It is 
a dear fluid with a saline and feebly caustic taste Dose, U S. P., 15 cc.; B. P., 
30 to 120 mils. 

Calcii Lactas (17. S. P., B P ) (Ca(C,II 1 0i) l ,5II,0) 1 a white almost tasteless 
powder soluble m 1 8.5 parts of wa ter Dose, 17. S P., 1 gram ; B P., 1 to 4 grams 

Ta Bella: Calcii Lvctvtis (B P), tablets of calcium lactate. Do«e. 1 to 
4 grams. 

Calcii Pho&phas Triba-iccs (U. S P.), Calcii Phospiias (B P ), calcium 
phosphate (C«i(PO«)»), a white, tasteless powder almost insoluble in wafer. 
Do<c, 17. P. I* , J gram . B P , 0 6 to 2 prows 

Creta Preparvtv (17 S P ), Creta (B P.), prepared chalk, chalk purified 
by washing and suspension in water (CnCO,) Dose, U. S P, 1 gram, B P., 

1 to 4 gram* 

Pulws Cni.'T.E ConpOsrrL's (U. S. P.), a mixture of prepared chalk, sugar 
and acacia Do*e, 2 gram® 

Pelvis Crete Aromvticcs (B. P.), aromatic chalk powder, contains chalk 
along uitli sugar and a number of carminative* belonging to the group of volatile 
oils. Dose, 0 6 to 4 grains. 
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Pulvis Creta: Aromaticus Cum Opio (B. F.) is a mixture of 39 parts of 
tlio aromatic powder with 1 of opium, and therefore contains 2| per cent of 
opium. Dose, O.C to 4 grams. 

Mistura Cretje (U. S. P.), chalk mixture, is compound chalk powder 
suspended in cinnamon water. Do?e, 15 cc. 

iNjEcrro C Ai.cn Gluco.\at;s (U. S. P.), a sterile aqueous solution of calcium 
gluconate. Dose, 1 gram intramuscularly. 
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2. Barium.— Barium is the most poisonous of the alkaline earths, but resem* 
blcs the others in penetrating with difficulty into the epithelium of the ali« 
mentary canal, and is therefore absorbed very slowly. It lias a characteristic 
action on many forms of muscular tissue, resembling closely that of vcxatrinc, 
and the contraction of the frog’s mu«clc under barium is thus stronger than 
normally, and is greatly prolonged; this action is not opjwscd by curare and is 
therefore believed to be exerted on the contractile substance directly. Barium 
has a somewhat similar action on all forms of muscle. Thus the smooth muscle 
of nearly every organ is stimulated by barium, e. g., of the pit, bronchi, etc. 
The frog’s heart beats more strongly, but more slowly from a similar action 
on the muscle fibers, and eventually assumes an irregular peristaltic form of 
contraction, followed by arrest in systole, ns in digitalis poisoning. 

In the mammal barium salts injected intravenously cause violent tonic and 
clonic spasms, from stimulation of the spinal cord and medulla; in sufficient 
quantities, they finally paralyze the spinal cord. Intravenous injection also 
provokes the contraction of involuntary muscle in all organs, with vomiting, 
purging, evacuation of the bladder, etc. The blood-pressure is enormously 
increased at first, due especially to constriction of the arterioles. In fatal poison- 
!l ■ 1 - — 1 v" been found in the stomach, intestine, kidney 

. injection of isotonic sodium sulfate has been 

. ■ ■ acute Bad* poisoning. . „ 

. The ' T* ’ 1 

in Sto ■ 

in dot 1 ■ ' ■ 1 

may 1 ■ ■ ■ ■ ” ■ * 

with 1 

Th( , ■ ■ 

very insoluble, radiopanuc barium sulfate which parses through the body 
unchanged, is used in taking roentgenograms of the gnstro-intcstinal tract. It 


toxic. 

3. Strontium.— Strontium is a comparatively inert substance even when 
injected directly into the blood, resembling calcium in its action in the body as 
far as is known, but being even less poisonous. Small doses given intravenously 
raise the blood-pressure mainly by increased cardiac action, large doses cause 
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from the intestine like the other alkaline earths, and is deposited in small 
quantities in the bones of growing animals, especially when there is a deficiency 
of lime in the food; but it cannot be used to replace the calcium of the food, 
animals treated thus showing the symptoms of lime starvation. It is excreted 
in small quantities by the urine, but mainly by the bowel. Strontium salts have 
t " ' ' 1 " " " ‘ he effect of the strontium 

hey possess no advantage 


4. Magnesium. Salts.— Magnesium, like calcium, is an indispensable 
constituent of animal and plant tissues. It is present in the red blood 
cells and in the tissue cells, particularly in the muscles where it is present 
in a concentration of about 20 mg. per cent. Magnesium apparently 
plays a part in many of the enzyme systems of the body, being essential, 
for example, for the activation of phosphatase, and dcphospliorylasc. 
In the plant, it plays the same role in the chlorophyll molecule as does 
iron in hemoglobin. Deprivation of magnesium from the experimental 
animal leads to vasodilation, hypenmtnbiiity of the neuromuscular 
system, cardiac arrhythmias and ultimately to death. The magnesium 
salts were shown by Meltzer to have a very powerful action when 
injected hypodermically or intravenously. The most characteristic effect 
! * ’ ‘ i »• . induced by the chloroform group, 

1 of the respiratory center. This 

the central nervous system, and 
immediate recovery follows the injection of a calcium salt. Higher con- 
centrations of magnesium in the blood have a curarc-likc action, also 
antagonized by calcium. The magnesium anesthesia does not appear 
to arise from its penetrating into the brain cells, for no significant 
amount can be obtained by analysis, while large quantities are found 
in the plasma. Applied to a nerve trunk, magnesium salts in 25 per cent 
solution act in the same way as cocaine, paralyzing first the afferent 
and later the efferent fibers, and injected into the intradural space they 
cause complete anesthesia of the lower part of the body like cocaine; 
magnesium sulfate has, in fact, been employed occasionally for surgical 
operations and in the treatment of tetanus The anesthesia lasts mucli 
longer and this renders it unsuitable for surgical work, but several cases 
of tetanus treated by subdural injection of magnesium sulfate have 
recovered. (Dose, about 0.02 gram per kg. in man.) The same anes- 
thetizing action is seen in the lower invertebrates when a magnesium 
salt is added to the water in which they live. Magnesium has com- 
paratively little effect on the heart, tending to lessen the excitability 
of the vagus, and this effect may also be abolished by lime salts. It 
reduces the irritability of the intestine when injected intravenously 
and arrests the peristalsis aroused by physostigminc or barium. It also 
appears to have some effect on the myoneural receptors in muscle, for 
it arrests the twitchings induced by physostigminc and in large doses 
interrupts the path from nerve to muscle in the same way as ctirarc. 

5 



00 


THE ACTION OF INORGANIC SUBSTANCES 


It produces cumrization of the muscles of crabs, which are unaffected 
by curare itself. When injected intravenously magnesium produces a 
fall of blood-pressure mainly due to vasodilatation. The bronchi art- 
dilated in some animals. In small doses magnesium salts cause a reduc- 
tion, in large doses an increase, in blood sugar. None of these effects 
is normally elicited when magnesium salts are given by the mouth, ns 
that absorbed is excreted rapidly and there is never enough accumulated 
in the blood to hnvc'nny action. Itarcly some depression of the nervous 
system lias been observed when very large doses of magnesium sulfate 
have been given by mouth without producing purgation. Magnesium 
is excreted by the kidney and traces may appear in the secretions from 
other organs. It is eliminated rapidly, almost the whole appearing in 
the urine within forty-eight hours, and this excretion of magnesium is 
attended by an increase in the calcium of the urine, while that of the 
feces may diminish. 

Therapeutic Uses.— Magnesium sulfate and citrate are used as .saline 
cathartics (p. 239); the oxide and hydroxide, as antacids (p. SO) 
Magnesium sulfate lias also been used as a cholagogne in chronic chole- 
cystitis, and catarrhal jaundice. Because of its action as a depressant 
of the central nervous system it is used to stop convulsions particularly 
in children suffering from chronic nephritis and in eclampsia. I n children, 
0.1 to 0.2 cc. of a 25 per cent solution per kg. of body weight is injected 
intramuscularly. In the adult the usunl dose is 10 cc. of a 2o per cent 
solution. For more rapid action the injections of a fi per cent solution 
may be made intravenously, but following this route of administration 
the effect is of short duration (one-half hour). The rate of injection inu«t 
not exceed 3 cc. per minute. Calcium chloride or gluconate for intra- 
venous injection should be on hand to be used ns an antidote if respiratory 
failure follows the parenteral administration of magnesium salts. 

Wet compresses of saturated magnesium sulfate arc sometimes used 
for local application to the skin to relieve pain. 

REFERENCES 

BorianI’ Arch, internat. dc. pharmacodyn.. 62, 17, 1039. (Strontium.) 

Brunton and Cabii: Phil. Tran*. Roy. Soc., 175. 223, 1SSI 

Bryant, Lehmann and Knoefel: Jour. Phnrm. mid Exp Thcrap., 65, 318, 1030. 

Oohn and Levine 1 Arch. Int. Med., 36, 1, 1925. (Barium.) 

Fraser: Jour. Pharm. and Exp. Thcrap., 66. So, 1039. 

Oreendeho, et al r : Jour. Biol. Chem., 100. 139, 1933. 

Haurt: Jour. Pharm. and Exp. Thcrap., 65, 453, 1939. 

Hazard and Vaille’ Arch, internat. de plmrmacodyn., 64, 211. 1930. 

Katz Jour. Physiol., 86, 2S5, 1936. 

Kruse, Orent and McCollum’ Jour. Biol. Chem.. 100, G03, 1933. (Magnesium 

ficiency.) 

Markwalder - Ztschr. f. d. gcs. exp. Med . 5, 150, 1915. 

Meltzer and Auer: Am. Jour. Physiol., 23, 141, 190S. (Strontium ) 

Meltzer and Joseph: Jour. Pharmacol., 1. 1, 1910. (Magnesium ) 

Mendel and Benedict: Am Jour. Physiol.. 25, 1, 1909. (Magnesium.) 

Mendel and Tiiacher: Am. Jour. Phjaiol.. 11, 5, 1904. (Strontium ) 

Netjtvikih and Wallace: Jour. Pharm and Exp. Therap.. 35, 171, 1929. 

Wedd and Blatb Jour. Lab. and Clin. Med., 30, 705, 1945. (Barium ) 

IV. MISCELLANEOUS ANIONS 

1. Phosphates.— Inorganic phosphorus in the form of phosphate 
plays an important role in the organism, being concerned in the 
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deposition of bone, in the regulation of the acid-base balance by the 
kidney, and as a component of enzyme systems, carbohydrates, fats 
and other organic constituents of the body with which it forms phos- 
phoric acid esters. The phosphate ion plays the same role within the 
cell as chloride does in the extracellular fluid. 

The normal adult requirement for inorganic phosphorus is approxi- 
mately 1 gram daily but since larger amounts are usually available in 
the food, phosphate deficiency is not of practical concern. The absorp- 
tion of phosphate is determined by the calcium content of the food as 
well as by the acidity of the bowel. About two-thirds of the ingested 
phosphate is excreted through the urine, the remainder appearing in 
combination with calcium in the feces. 

The sodium and calcium salts of phosphoric acid as well as diluted 
phosphoric acid are used in therapeutics. Sodium acid phosphate 
(NaHtPOi) is administered in doses of 1 to 2.5 grams every three or 
four hours to acidify the urine. It is also used as a mild cathartic. Dilute 
phosphoric acid is used in lead poisoning. Organic phosphates were 
formerly used as “nerve tonics” but the use of such preparations is 
neither rational nor of any value. 

2. Oxalates. —The oxalate ion is highly toxic in large part because 
of its power of precipitating the calcium of the tissues. Though the 
oxalates may also cause other effects, this precipitation renders them 
poisonous to most forms of living matter, of which lime is generally an 
essentia! constituent. The oxalate action may be removed in many 
instances by adding lime salts in excess 

In mammals there is apparently at first a stimulation of tiie medullary 
centers, for rapid, deep breathing occurs in the rabbit, and vomiting 
and nausea in the dog, and according to some observers, the arterial 
tension is first increased through stimulation of the vasomotor center. 
Later the movements are wanting in coordination, the respiration 
becomes slow and dyspncic, the heart is weak, and the animal becomes 
comatose and dies, sometimes in convulsions. 

In cases of oxalate poisoning in man, the early symptoms arc great 
muscular weakness, twitching of the muscles, especially of those of the 
face, more rarely convulsions, later there follows collapse with a weak, 
fluttering pulse, pallor or cyanosis, coma and death. 

Practically the whole of the oxalate ingested is excreted in the urine 
in the form of oxalate of calcium, and the insoluble crystals arc often 
deposited along the urinary tubules and may stop them up entirely and 


apex of the renal pyramids, which ore quite evident mncroscopically at 
tlic autopsy. Small oxalate calculi have nho been produced in the 
pelvis of the kidney, bladder, or ureter through the prolonged admin- 
istration of oxalate to animals. Not infrequently these renal changes 
are the only lesion s found postmortem in cases of poisoning with oxalates. 

The oxalates arc not used in therapeutics but arc used in the laboratory 
ns anticoagulants. In cases of oxalate poisoning the natural antidote js 
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lime, which forms an insoluble precipitate in the stomach and may also 
relieve the symptoms induced by the withdrawal of lime from its normal 
combination in the tissues. At the same time large quantities of water 
and diuretics may be given in order to wash out the crystals of oxalate 
from the urinary tubules. Oxalate poisoning has sometimes occurred in 
man from the use of vegetables containing much oxalic acid, e. g., 
rhubarb leaves, and from accidental and suicidal poisoning. 

The other members of the oxalate series, malonaics (CH 2 (COONa) 2 ) 
and succinates ((CH 2 ) 2 (COONa) 2 ), differ from the oxalates in being 
much less poisonous, the fatal dose of malonate of sodium being about 
twenty times that of the oxalate, and the succinate being almost indif- 
ferent. The malonate is almost completely oxidized in the tissues, and 
succinate disappears completely. It is significant that malonic and 
succinic acids form much more soluble salts with lime than does oxalic 
acid. Both malonate and succinate of sodium are absorbed only slowly 
from the intestine, and act as saline cathartics. 

3. Fluorides.— Fluorine is a normal constituent of the skeleton and 
is widely distributed in nature. The fluorides, however, arc highly 
toxic being general protoplasmic poisons which like the oxalates pre- 
cipitate the calcium of the tissues but also act to inhibit many enzyme 
systems. 

In recent years cases of poisoning by sodium fluoride have been 
described, arising usually from the use of sodium fluoride and sodium 
fluosilicate (NajSiF«) as insecticides and from its being mistaken for 
' laxative or baking powders. The chief symptoms arc nausea, vomiting 
and diarrhea, accompanied by cramp-like abdominal pains. Clonic 
convulsions have occurred occasionally and a peculiar gray-blue cyanosis 
has been observed in some cases. Chronic fluoride poisoning, arising 
from the use of fluorides in industry, has also been described; giving 
rise especially to changes in the bones and mottling of the teeth. The 
latter condition has been observed in communities in which the fluoride 
content of the drinking water is high. On the other hand, the presence 
of a certain amount of fluoride in the water and soil is believed to be 
~ responsible for the absence of dental caries in the inhabitants of certain 
localities. 

The fluorides absorbed from the alimentary canal are excreted by 
the urine, but this takes place very slowly, and much of the fluoride is 
stored up in the body, some in the liver and skin, but most in the bones 
in the form of calcium fluoride. Crystals of this very insoluble salt are 
found in masses in the Haversian canals, and increase the hardness and 
brittleness of the bones. 

The fluorides are not used therapeutically but sodium fluoride is used 
in the laboratory as an anticoagulant and for the preservation of blood. 

4. Sulfides.— The ordinary sulfides of the alkalies arc important only 
from a toxicological viewpoint. The effect of hydrogen sulfide, apart 
from its local irritant action, is due to the sulfide which it forms in the 
blood, and the study of this powerful poison therefore involves a pre- 
liminary examination of the effects of the sulfides. Again, sulfur is in 
itself inert, but is changed to sulfides and hydrosulfurjc acid in the 
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alimentary canal, and the effects induced by its administration arc due 
to these bodies, and not to the original clement (p. 232). 

Action. —The sulfides act as irritants in the stomach and bowel, and in the 

and the heart, which continues to beat after complete paralysis has been ob- 


completc opisthotonos on being touched. 

Sulfides injected intravenously in mammals induce violent convulsions, which 
seem to be of cerebral origin, for they do not occur in the hind limbs when the 
spinal cord is cut. The respiration is at first accelerated and later dyspneic 


action. 

Sulfides, absorbed into the blood arc rapidly oxidized, and arc excreted in 
the urine in the form of sulfates and of organic sulfur compounds of unknown 
constitution. Small quantities escape by the lungs, and give the breath the 
disagreeable odor of aulfurettcd hydrogen, and some is excreted in this form in 
the perspiration. 

The sulfides dissolve the homy epidermis and hair very readily when they 
arc applied to the skin. If the application is continued, some irritation and 
redness is produced. 

Hydrosmluric Add (sulfurcttcd hydrogen, hydrogen sulfide (H£)) is a gas 


Sewer gas often contains it in quantity, and. workmen emjilojcd in cleansing 


■ • throat, indicated 

■ ■ ■ s and soreness of 

■ ■ ■ ■ ■ 1 of tears, saliva. 

■ ■ _ .... v . hrt . compbii rrd 

of, thr symptoms frequently appmr only some time after the exposure to the 
poison. i>e*th In animals expos'd to these dilute fumes is due in part to edema 
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of the lungs caused by the local irritant action. One part of hydrosulfuric acid 
in 5,000 of air is sufficient to induce symptoms in man, and an atmosphere 
containing one part in 2,000 can be respired for only a short time, and gives rise 
' 1 ‘ ’ ■ ■ 1 1,000 parts of 

. ■ ■ s local irritant 

in the bloo 

they may , , ■ 

in general tend to assume a green color sooner after hydrosulfuric acid poisoning 
than in the course of ordinary putrefaction. 

Hydrogen sulfide is destructive to most forms of life, even when present in 
comparatively small amount. The microbes of putrefaction, which produce it 
themselves, are eventually killed by this gas, unless it escapes freely. 

Preparations 

POTASSA SuLFURATA (U. S. P.), POTASSA SuLPUURATA (B. P.), llVCr of Sulfur 
(Hepar Sulphuris), is a mixture of polysulfides and thiosulfides, often containing 
si.” 1 ' 1 ‘ ’ ’ ‘ ’ • ’ * ’ id 

p ■ ■ ’ 

. • i- 

tion in certain skin diseases, particularly in acne, and to destroy skin parasites, 
such as that of scabies. It is used as an ointment (1 part to 10 parts) and is 
somewhat irritant. 

Sulfides, especially barium sulfide, are used occasionally to remove hair. 
They cause destruction of the hairs but not of the follicles, so that the hair 
continues to grow. 

5. Iodides and Iodine.— Iodine and the iodides resemble one another 
in many of their general systemic effects and hence may be considered 
together. Although the iodides have been more largely used in medicine 
than any of the other salts of the alkalies, their mode of action is still 
in many ways obscure. In addition to their therapeutic activity the 
iodides and iodine give rise to symptoms of poisoning which vary con- 
siderably not only in different individuals, but also in the same person 
at different times. 

Symptoms.— Large quantities of the iodides cause irritation of the 
stomach from their salt-action and induce nausea and vomiting, more 
rarely diarrhea; but these symptoms are quite distinct from those known 
as Iodism, which may arise from comparatively small quantities, and 
which are most commonly seen when either the iodides or iodine have 
been administered repeatedly. 

The commonest symptom of iodism is catarrh of the Respiratory 
Passages, more especially of the nose, which betrays itself in some 
swelling and discomfort in the nasal mucous membrane, in a profuse 
water secretion, and in sneezing. The catarrh spreads upward to the 
conjunctiva, which often becomes swollen and congested. There may 
be marked lacrimation and edema of the eyelids. The frontal sinuses 
are involved, inducing a feeling of dulness or violent headache; and the 
condition may progress downward to the tonsils, which become swollen 
and inflamed in some cases. Still lower it occasionally causes some 
swelling and edema or small ulcers in the larynx, and has thus caused 
dyspnea, which has necessitated tracheotomy, or very rarely has proved 
| fatal. Bronchitis has also been observed in man, with a profuse watery 
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secretion, and in animals edema of the lungs and pleuritic effusion have 
been produced by the injection of iodides. Even small quantities injected 
intravenously increase the mucus secreted by the bronchi. 

In the Mouth iodism is often betrayed by spelling and irritation of 
the throat and tonsils and by salivation, rarely by swelling of the 
salivary glands. The stomach is seldom affected, the appetite generally 
remaining good, but in some persons iodides induce nausea and gastric 
discomfort. A single close of iodide increases the amount of gastric juice 
and prolongs the secretion aroused by the taste of food. 

Skin Eruptions of different forms are also common results of the admin- 
istration of iodides, but are less liable to occur in the beginning of the 
treatment than the catarrh of the respiratory passages. These eruptions 
may simulate almost all known skin diseases, but the most common 
forms are erythematous patches, or papular eruptions, which may pass 
into pustules or into larger inflamed areas. Eczema, bulhe, pemphigus 
and purpura arise less frequently from the use of iodides. In some 
cases a more or less defined area of edema has been observed in the 
face, especially around the eyes. 

The Secretion of Urine is generally increased by the administration 
of iodides, as of other salts of the alkalies, though they seem to have 
no' specific action on the kidneys. In rare cases albuminuria has been 
observed, and some irritation of the bladder, urethra and vagina is said 
to have been induced by iodide treatment. 

In many instances small doses of iodide or iodine may be given repeat- 
edly without any noticeable disturbance, but in others the smallest 
quantitv (0.2 gram) induces severe poisoning. Some authorities consider 
that these small doses are more liable to cause iodism than larger ones, 
but the action of the drug is so capricious that the statistics of different 
observers show great discrepancies, even when approximately the same 
dose has been given. . 

Among other conditions which favor the onset of symptoms is a slow 
excretion of the iodide such as is observed in some forms of renal irrita- 
tion. Children seem less liable to suffer from the iodides than adults. 
The dose administered has, of course, some relation to the onset of 
symptoms; thus, very large do*es arc more likely to induce them than 
very small' ones’, hut it seems that a tolerance is soon established in 
so ' ’ * 

ac . : 

up ■ . i '• ■. 

be taken with impunity, fn other instances, a definite quantity may 
be riven for a lone time without imluriiiR symptoms, but these may 
suddenly «ct in without any apparent chance in tile treatment and 
without anv appreciable came. Very- often it is found that the symp- 
toms disappear while the treatment is continued, and recovery invar- 
iable sets in u lien the drop is abandoned. The iodides all induce iodism, 
the sviuptonis heinp apparently unaffected by the basic ion. The con- 
d.'fin.'i is seldom dancemns, hut n few eases are recorded in which edema 
of the Inns resulted and proved fatal. 

Tlir iodides ‘arc not Absorbed from watery solutions applied to the 
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skin, but arc rapidly taken up by all the mucous membranes. When 
given by the mouth they are absorbed unchanged by the intestine, and 
appear in the secretions within five to ten minutes. The greater part of * 
the iodide is Excreted in the urine, in which it appears as salts. Some 
escapes by the salivary glands, however, and small quantities are 
excreted by the stomach as hydriodic acid, from which free iodine may 



be formed; iodide has also been found in the tears, perspiration, milk, 
sebum, and in the secretion of the nasal mucous membranes. 

Iodides are much more rapidly excreted than bromides, for 65 to 
80 per cent of the iodide appears in the urine within twenty-four hours 
after its administration, and no iodide reaction is obtained from any 
of the secretions a week after the treatment has ceased. 

Iodine possesses a local irritant action similar to, though less intense 
than, that of chlorine and bromine (p. 799). It is much less volatile, 
and therefore comes into contact with the tissues more slowly than 
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these, but the chemical change is analogous, and iodides and iodo- 
protein compounds result. 

Action. —When applied to the Skin, it dyes it a yellow-brown or dark 
brown color, and acts as an irritant, producing a sensation of heat and 
itching. In very concentrated solution or in the solid form it may cause 
blistering or even corrosion, but it acts more slowly than most other irri- 
tants, and at the same time the irritation is more prolonged. It pene- 
trates into the deeper layers of the skin, and small quantities are absorbed 
The Mucous Membranes are more strongly affected by contact with 
it; thus when its vapor is inhaled for some time, smarting, swelling and 
increased secretion are caused in the nasal mucous membranes, con- 
junctiva, throat and lower respiratory passages, resembling exactly the 
symptoms known as iodism. In the stomach small quantities may 
cause slight irritation and improved appetite, but as a general rule 
nausea, discomfort and vomiting follow its administration in any save 
minute doses, and occasionally diarrhea has been observed after it from 
irritation of the bowel. In cases of poisoning, the irritation of the 
alimentary canal may prove fatal by inducing collapse and failure of 
the heart and respiration, and iodine may be recognized in the vomited 
matter and in the stools. 

Solutions of iodine Injected Subcutaneously or into tumors or cysts, 
formerly a common method of treatment, cause intense pain and irrita- 
tion, which may induce collapse and which have been followed in some 
instances by suppuration and gangrene. 

Iodine is Absorbed in the form of iodides, and perhaps in combination 
with proteins. Its fate in the body is precisely similar to that of the 
iodides— it is excreted in the form of iodides, chiefly by the kidneys, to 
a less extent in the saliva, perspiration, milk and secretions of the res- 
piratory passages. The administration of iodine leads to an increase in 
the iodine of the thyroid gland. 

Small quantities of iodine may be given internally to many persons 
without eliciting any symptoms except those which are clearly due to the 
local action. Repeated doses, however, sometimes cause symptoms 
resembling those observed after iodides (Iodism), although these have 
been much less often induced by iodine. 

The thyroid gland is particularly concerned with the metabolism of 
iodine, which is a constituent of the thyroid hormone (rf. p. 540). Wien 
iodiflc is injected a large part is removed from the circulation by the 
thyroid which has a special affinity for this clement In the normal 
animal the administration of iodides causes a stimulation of the thyroid 
as evidenced by the histological appearance of the cells, but this stimula- 
tion gives rbe to no obvious symptoms. On the other hand, in certain 
cases of adenoma of the thyroid, the administration of iodine may 
induce thyrotoxicosis with the appearance of symptoms due to hyper- 
thyroidism. In Graves’ disease (exophthalmic goiter) on the other hand, 
the administration of iodine reduces the activity of the gland, and leads 
to a remission of the symptoms of hyperthyroidism. This suppression of 
thyroid activity is probably an indirect one ami not due to the direct 
action of iodide on the gland, ns was formerly believed. 
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Therapeutic Uses.— The iodides prior to the introduction of penicillin 
were used very extensively in the treatment of tertiary syphilis. In 
syphilitic hone disease and ulcers, and in the gummata of the brain and 
other internal organs, a remarkable improvement very often occurs after 
the iodide treatment has been adopted. The iodide of potassium or of 
sodium is almost invariably used, and is often given in large doses, up 
to 5 grams daily. The iodide is often prescribed along with mercury, 
and this combination is found more efficient than the iodide alone. In 
actinomycosis, iodide treatment has proved of value, and was the drug 
of choice until the advent of penicillin. In a rare infection known as 
sporotrichosis, which arises from a fungus nearly related to actinomyccs, 
as well as in other fungus infections, the iodides have also proved of 
value. 

In syphilis and in these other diseases, the iodide does not act as a 
parasiticide; the spirochete of syphilis, for example, is not killed by the 
application of iodide of potassium to a syphilitic lesion, and the fungus 
of sporotrichosis grows readily in a culture medium containing high 
concentrations of iodide. The specific efTccts of iodide in tertiary syphilis 
are exerted not on the parasite but upon the tissues in which it lives 
and which have reacted to its presence by the formation of gummatous 
tissue; these granulomatous tissues dissolve under the action of iodides, 
while the parasite remains unaffected, but is now more readily accessible 
to the parasiticide drugs, mercury and arsenic. It is important to recog- 
nize that iodide does not destroy the cause of the infection but only 
removes some of the results. 

An important therapeutic use of iodine anti the iodides is in the 
treatment of certain diseases of the thyroid. Where the available iodine 
in the food is deficient, which is the case particularly in certain moun- 
tainous areas and the great plains, there is a tendency for the thyroid 
gland to enlarge and form a goiter. In such goitrous areas the administra- 
tion of iodine in the form of iodized salt (in which a small amount of 
iodide is added to the table salt) prevents the deficiency of iodine and 
goiter is eliminated. Iodine may also be administered to the children 
in goitrous areas in doses of 0.2 gram each during ten days twice a year. 
During pregnancy likewise, where the demand for iodine is increased, 
the administration of small amounts prophylactically is desirable. The 
use of iodine as just outlined has greatly reduced the incidence of colloid 
goiter and cretinism in goitrous areas. 

Another important use of iodine and the iodides is in Graves’ disease 
(exophthalmic goiter). The preoperative use of iodine in the form of 
Lugol’s solution in cases of exophthalmic goiter produces histological 
'changes in the thyroid gland which are quite remarkable. The epithelial 
hypertrophy resolves into the appearance of normal acinar epithelium, 
colloid appears in abundance, although it is rather thin and watery. 
The hyperplasia of the primitive lymph follicles, on the contrary, seems 
to be increased. If the treatment is extended over a period greater than 
that of ten days or two weeks the amount of thin, watery colloid increases 
and a certain degree of enlargement of the acinar cells with lipid and 
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wieuMardcgeuc ration results, accompanied by marked lymphoid hyper- 
plasia. 

Iodine, UMUilly in tlie form t>f I.ugol's solution, h n««I before opera- 
linns for exophthalmic goiter and the discmery of its value has done 
much to decrease the danger* associated with the surgical treatment of 
tins condition. It is usually administered in milk in doses of about 
10 minims three times a day after meals. The patients iinprme rapid h 
under its effect*— the nervousness lessens, sleep and appetite improve, 
the heart becomes slower tun! the basal metabolism decreases. The 
patient is protected against post-operative crisis. The drug is not by 
rttjy means u cure for the disease hut is only to he regarded ns a tem- 
porary measure to prepare a patient for the surgical treat mi nt of the 
condition. The beneficial effect* usually reach their maximum between 
ten days and three weeks after the drug is started and operation is best 
dime during this jieriod. Following the operation the administration of 
the iodine is usually continued for a few lias’s. 

itndioaotivu iodine has abo been u«cd recently irt the treatment of 
tiraxes’ disease. Since iodme n concent rated in the thyroid gland, the 
radiations induce the same destructive effects on the tissue as are ob- 
tained by external irradiation. The temporary remission induced by 
the iodine is, therefore, followed bv n permanent rctni'Mon. 

Iodides are often pn*serilxd along with other remedies in cxjfctorant 
mixtures, the object bring to render the bronchial mucus more watery 
and less tenacious, and thus to facilitate its removal. In sonic eases of 
asthma they have been found of value, perhaps from the .same action, 
for they do not appear to affect the bronchial muscle. 

Iodine is applied locally by painting on the skin in a variety of chronic 
inflammatory processes, such a* tuberculous glands, pleuritic effusion, 
and tuberculous or rheumatic joint disease. Its action here consists 
simply of a mild lasting irritation of the skin, which induces some con- 
gestion in the Mibcntnneous ti-sues and may thus aid in the absorption 
of exudates in them ami may ul»o influence the dcrj>er lying tissues and 
organs in the same way ns other irritants (see p 107). Iherc is, how- 
ever, nothing specific in its action, and it differs from the other skin, 
irritants only m being milder in act ion and more enduring in its effects. 
It seems unlikely that the small quantity absorbed can have any appreci- 
able action. Some benefit often follow s from tins um* of iodine in chronic 
inflammations, but there is no question that it is very often applied 
where more active surgical measures are really required. 

Iodine was formerly injected into cysts in order to induce inflamma 
lion and adhesion of their walK and thus to obliterate the cavity. It 
is used extensively to disinfect the skin before operation (see p, 70G). 

Iodide of potassium is sometimes added to other drugs in cases of 
viaUngering, or in which it is suspected that the patient is not taking 
the remedy as directed If the iodide is swallowed it can be detected in 
the urine by the addition of a few drops of chlorine water and of starch 
solution, which assumes the well-known blue color. 

Iodides have to he used with care in eases of pulmonary phthisis, in 
winch they often increase the cough and expectoration, and in some 
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cases, it is alleged, cause hemoptysis and promote the' infection of fresh 
tissue. If the tuberculous nodule is broken down by the iodides in the 
same way as the gumma, the bacillus may be freed, and many clinicians 
deprecate the use of iodide in all forms of tuberculosis. Children have 
sometimes been found to suffer from iodism from being nursed by a 
person under iodide treatment. 

Iodism very often proves a disagreeable accompaniment of the treat- 
ment, and is sometimes so severe as to preclude the use of the salts, so 
that many attempts have been made to discover some expedient by 
which these symptoms may be avoided, but as yet no success has been 
obtained. 

ORGANIC IODINE COMPOUNDS FOR SYSTEMIC USE 

A number of iodine compounds with proteins and fats have been 
introduced as substitutes for the inorganic iodides. These are less 
irritating to the digestive tract but like the inorganic derivatives may 
also induce the symptoms of iodism when used in therapeutically 
effective doses. Employed in the dosages ordinarily advocated, the 
organic iodides are weaker than full doses of the inorganic forms. Among 
the iodized fats and fatty acids are oridine, the calcium salt of the iodized 
fatty acids of cottonseed oil, riodine, iodinated castor oil, and calcium 
iodobehenate (sajodin). 

PREPARATIONS OF IODINE USED FOR DIAGNOSTIC PURPOSES 

In recent years iodine and certain other roentgen-ray opaque sub- 
stances have been introduced into medical practice as an aid to diag- 
nosis. They have been used, for instance, as an aid to diagnosis in 
pathological conditions in the lungs, in suspected disease of the gall 
bladder and the genito-urinary tract, and in the visualization of the 
blood vessels and spinal canal. Several preparations are in use at the 
present time, those containing iodine being discussed here while the 
phthalein compounds used especially to permit visualization of the gall 
bladder will be mentioned elsewhere. 

In pulmonary conditions other than those due to tuberculosis, iodized 
oils are sometimes employed. Oleum Iodatum (U. S. P.) (lipiodol) con- 
tains about 40 per cent of iodine in organic combination with poppy- 
seed oil. After the pharynx and base of the tongue have been anes- 
thetized, the oil may be administered by dropping it through the glottis 
as the patient inspires, or it may be injected into the trachea by means 
of a curved cannula inserted between the cocainized vocal cords. It 
may be given also through a bronchoscope. More commonly it is given 
through a curved cannula inserted through the cricothyroid membrane, 
the required amount being injected into the anesthetized trachea, 
roentgenograms being taken immediately after the injection has been 
completed. Usually no symptoms follow immediately upon the admin- 
istration of the oil, but in about fifteen minutes coughing may occur 
with ejection of most of it. The oil which is retained usually disappears 
in a week or two but it may be retained in the lungs for a considerable 
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Iodoxylum (B. P.), iodoxyl, the disodium salt of N-methyl-3:5-diiodo-4- 
pyridone-2:G-dicarboxylic acid. Dose, 10 to 15 grams intravenously. 

Liquor Iodi Aquosus (B. P.), aqueous solution of iodine, Iugors solution, 
liquor iodi compo situs, an aqueous solution of iodine (5 per cent) and potassium 
iodide (10 per cent). Dose, 0.3 to 1 mil. 

Liquor Iodi Fortis,. strong solution of iodine (U. S. P.), contains 5 per cent 
of I and 10 per cent of KI in water. Dose, 0.3 cc. 

Liquor Iodi Fortis (B. P.), contains 10 per cent of I and G per cent of KI 
in 90 per cent alcohol. 

Liquor Iodi Mms, weak solution of iodine, weak tincture of iodine (B. P.). 
Contains 2.5 per cent of iodine, 1.5 per cent of potassium iodide in 90 per cent 
alcohol. Dose, 0.3 to 2 mils. 

Liquor Iodi Simplex, simple solution of iodine (B. P.), contains 0 per cent 
of iodine in 95 per cent alcohol. Dose, 0.2 to 1 mil. 

Oleum Iodatum (U. S. P.), an iodine addition product of vegetable oils 
containing about 40 per cent of organically combined iodine. 

Oleum Iodisatum (B. P-), iodised poppy-seed oil containing 39 to 41 per cent 
of combined iodine. 

Syrupus Ferri Iodidi, syrup of ferrous iodide (B. P.), contains 5 per cent 
of Fetj and 1 per cent of dilute hypophosphorous acid in aqueous syrup. Dose, 
2 to 8 mils. 

Tinctura Iodi, tincture of iodine (U. S. P.), contains about 7 per cent of I 
and 5 per cent of KI in 90 per cent alcohol. 

Tinctura Iodi Mms, mild tincture of iodine (U. S. P.), contains about 2 per 
cent of I and 2.4 per cent of KI in about 50 per cent aqueous alcohol. 

Unguentum Iodi, iodine ointment (U. S. P.), 4 per cent of I, 4 per cent KI 
and 12 per cent glycerin in yellow ointment 
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, V. ALKALIES 

1. Hydrates and Carbonates of the Fixed Alkalies.— The hydrates 
anti carbonates of potassium, sodium and lithium owe their pharmaco- 
logical action entirely to the non-metallic ion, which is so much more 
powerful than the metal that the latter may be discounted. 
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Applied to the Skin, weak solutions dissolve the superficial layer o? 
horny matter and the oily secretions of the glands, and thus cleanse 
the surface more thoroughly than water or solutions of neutral salts 
t When applied for some time, they penetrate more deeply and cause 
some slight irritation and redness. Concentrated solutions dissolve the 
skin and cause necrosis of the deeper tissues, generally covered by a 
semitransparent emst which falls of) in the course of a few days, leaving 
an ulcer. The solutions of the carbonates are much less corrosive than 
those of the hydrates, and induce actual lesion of the skin only under 
exceptional circumstances, such as very prolonged application 

In the Mouth the hydrates and carbonates have a characteristic 
"alkaline" taste, and dissolve the superficial layers of the lining mem- 
brane and the mucus of the secretions. The lips, tongue, ami gums 
assume a bright red color from the irritation and feel soapy to the touch. 
Concentrated solutions may cause deep corrosion, as in the skin, while 
very weak solutions have no effect except the characteristic taste and 
a reflex flow of saliva The corrosion caused by strong solutions extends 
to the throat and esophagus, and may either prove immediately fata) 
or may subsequently give rise to cicatrices 
The effect of the hydrates and carbonates in the Stomach varies 
according to the dose given and the state of digestion at the time. 'ilicy 
act chiefly in two ways, bv directly modifying the reaction of the 
stomach contents, and, secondarily, by affecting the pyloric reflexes 
Small quantities are undoubtedly neutralized by the hydrochloric acid 
of the gastric juice and act no longer from their alkalinity, but merely 
from their effects as salts, if at all. Larger quantities render the contents 
of the stomach neutral or alkaline and thus prevent gastric digestion. 
Very concentrated solutions corrode the walls of the stomach and may 
prove immediately fatal from causing perforation into the peritoneal 
cavity, while if the corrosion is not so severe, and the patient rcco\crs 
from the shock and collapse, gastric ulcer and cicatrices may result. 

In hyperacidity of the stomach, the alkalies may he of liencfit by 
lessening the amount of free acid present. I >i!«tc solutions of the alkalies 
may act as slight irritants to the stomach wall and thus improve its 
circulation, mid lessen pain, eructation and distention, very much in 
the same way as nthfrr slight gastric irritants, such as the volatile oils. 

In the case of the carbonates anil bicarbonates, this carminative action 
may be strengthened by the earkmic acid liberated by the hydrochloric 
acid. In addition, they tend to render the mucus less tenacious, or may 
dissolve it completely, and thus improve the condition of the stomach. 

The movements of the stomach are not much affected h\ the reaction 
of its contents until those pass into the duodenum An excessive acidity 
or alkalinity of the gastric contents entering the duodenum tends 
reflex ly to cause .spasmodic contraction of the pyloric sphincter Alkalies 
tend to hasten the emptying of the stomach if they alter the react ion in 
the direction of neutrality . that is especially in cases of typerarulity. 

In the small Intestine the alkalies ha\c Iwen shown to have an indirect 
effect, through their diminishing the acidity of the gastric juice. The 
.secretion of the pancreas is normally augmented on the passage i>f an 
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acid fluid through the pylorus, and if the acidity of this fluid be reduced 
by the administration of alkalies, a smaller quantity of pancreatic 
juice is thrown into the intestine. This may again render the digestion 
less complete, although the greater alkalinity of the intestinal contents 
tends to increase the efficiency of the pancreatic juice already secreted. 

Absorption. —Following its neutralization in the stomach, sodium 
bicarbonate is converted to sodium chloride which is absorbed from the 
intestine. Any excess alkali not neutralized is also absorbed. The total 
base of the body is increased by an amount equivalent to the sodium 
bicarbonate ingested for even when the alkali administered has been 
neutralized by the gastric juice, the reserve of available alkali is aug- 
mented. 

The organism rapidly frees itself from the excess of alkali by Excreting 
alkaline salts. This excretion occurs chiefly in the urine, which becomes 
less acid, or even alkaline in reaction, and in the latter event contains 
bicarbonate of potassium or sodium. As a general rule, the urine soon 
regains its acidity, but when fairly large doses are given repeatedly, its 
reaction may be kept alkaline constantly. This is almost always accom- 
plished in man by the administration of about 10 to 15 grams of sodium 
bicarbonate in twenty-four hours, but some persons require a still larger 
quantity, w'hile others require less. A temporary alkaline reaction lasting 
two to three hours may be induced by a single dose of 2 to 3 grams. 
The alkalies have the same effect on the excretion of the salts in the 
urine as the neutral salts; large doses increase the sodium, potassium, 
and chlorides of the urine. 

Therapeutic Uses.— The caustic alkalies are used Externally to a 
limited extent to remove growths, such as warts, from the skin. For 
this purpose the potash pencils are employed, but they are very deli- 
quescent and it is therefore difficult to limit their action to one spot, 
and to the superficial tissues. When the desired extent of cauterization 
has been obtained, the part should be washed with water, or with 
vinegar or some other dilute acid. The carbonates are also used exter- 
nally to some extent, chiefly in baths, which they render more irritant 
to the skin, and in which they tend to soften and remove the super- 
ficial horny layers of the epithelium more than ordinary water or solu- 
tions of the neutral salts. The carbonates are also applied in strong 
solution or as a paste in itching skin diseases, and often give relief. 

Internally sodium bicarbonate is used for its effect on the stomach, 
and in cases of hyperacidity relieves the pain and eructation almost 
instantly. As the concentration of the acid secreted by the stomach 
seems to be fairly constant, the acidity of the stomach depends upon 
the relation between the quantity of the secretion and the volume and 
nature of the stomach contents. Normally the acidity rises to a maxi- 
mum about one hour and a half after a meal and then declines rapidly; 
but in hyperchlorhydria the acidity may remain high for hours. In this 
condition alkalies are usually given after meals. Sodium bicarbonate is 
frequently used for this purpose because of its ready availability (as 
baking soda) and inclusion in many proprietary preparations. It exerts 
a rapid action but the duration of its effect is brief and its continued 



ALKALIES 


81 


administration may lead to symptoms of alkalosis. These are mani- 
fested by mild gastric complaints, anorexia, nausea, and when severe 
by nervous and neuromuscular manifestations. The carbon dioxide 
combining power of the blood is increased (SO to 100 volumes per cent), 
the serum chlorides decreased, and renal function becomes impaired. 

In view of the undesirable effects which follow the use of sodium 
bicarbonate as an antacid, it has been displaced for this purpose by the 
oxides, hydroxides and carbonates of the alkali earth metals (calcium, 
magnesium, aluminum) which are not absorbed and hence exert no 
systemic effects. 

The proportionate amounts of the more commonly u^ed antacids 
necessary to neutralize a given quantity of hydrochloric acid uere 
found by Clack to be as follows: magnesium oxide, 3, tnagneriutn 
carbonate, 7; calcium carbonate, 7; sodium bicarbonate, 12, bismuth 
subcarbonate, 13b. Weight for weight, therefore, magnesium oxide has 
a four-fold greater antacid effect than sodium bicarbonate, while 
bismuth subcarbonate has a relatively feeble effect in this direction. 
When magnesium oxide is used as a stomach antacid, the resulting 
magnesium chloride acts as a mild purgative, whereas if calcium car- 
bonate be used the calcium chloride formed acta as a mild astringent 
In the treatment of hyperacidity or of gastric ulcer, disturbance of 
intestinal functions can be prevented by alternating magnesium oxide 
and calcium carbonate or by other combinations of antacids. Tribasie 
magnesium phosphate is also used as an antacid with the intention 
that, while it is a moderately effective antacid, it does not produce 
systemic alkalosis. Magnesium trisilicate has antacid and adsorbent 
properties useful in the treatment of gastric ulcer and gastritis. Its 
neutralizing action continues for several hofirs and it does not cause 
alkalosis or toxic symptoms even in barge doses. Aluminum hydroxide 
has also been used widely in recent years in the treatment of gastric 
ulcer. It h used in the form of a colloidal suspension. In the Sippy 
treatment for gastric ulcer, mixtures of 0.0 gram cadi of magnesium 
oxide and sodium bicarbonate are alternately administered with a mix- 
ture of 0.0 gram of bismuth subcarbonate and 2 to 3 grams of sodium 
bicarbonate. Even where no excessive acidity exists, the alkalies are 
°ften beneficial in small quantities, removing distention and discomfort 
without apparently altering the digestion to any marked extent. The 
bicarbonate of potassium is frequently u*cd for this purpose but there is 
*»> mvon to believe that it is more effective than the cheaper sodium 
salt. Whatever preparation is used, it ought to be "ell diluted to avoid 
the irritant action on the stomach wall. When the secretion does not 
seem to contain an excessive amount of acid, they ate odvbed before 
meals, and mnv then be combined with other stomachics, such as miter* 
or volatile oik . „ 

The alkaline preparation* ore afco largely wed for their effects on 
the urine. The acetates citrates, etc., may also lie u*«J tor this ptirpo«e 
rince they are ocvmeitcd to sodium bicarbonate in the body and hence 
exert the same ultimate effect as tlm salt. In cases rfm/nrr acidity 
of the urine, leading to pain and straining during micturition, the ?yrop* 
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toms arc relieved by these drugs rendering the fluid less irritating, and 
this relief is especially marked in irritated conditions of the bladder and 
urethra. They may also be of value in those cases by rendering the 
mucus more soluble in the bladder. In the acute stage of pyelitis and 
cystitis, especially when due to Bacillus coli infection and when the 
acidity of the urine is high, the symptoms may be relieved by keeping 
the urine temporarily alkaline by administration of sodium bicarbonate 
or of potassium citrate. In gravel, the alkalies also give relief, and this 
has been attributed to their dissolving the uric acid in the urine, or 
rather to their keeping it in solution in the form of salts. In order to 
attain this, the urine would have to be rendered alkaline, or at least 
neutral, and relief is given by quantities of the alkalies which are quite 
insufficient to do this; this relief in gravel results from the amount of 
the urine being increased while its acidity is lessened; the inflamed 
surface of the bladder is thus bathed in a less irritant fluid and the 
pain is diminished. 

In the presence of cystine, uric acid, or xanthine stones it is desirable 
to maintain the urine on the alkaline side so as not to favor the deposi- 
tion of these substances. On the other hand, in phosphate and carbonate 
calculi, an alkaline urine is to be avoided since these are precipitated 
under these conditions. 

Sodium bicarbonate is frequently administered in doses of 2 to 3 grams 
concurrently with other drugs in order to alkalinize the urine and 
prevent the deposition of insoluble materials. Thus in the treatment 
of gout with the salicylates or neocincophen it is given to prevent the 
deposition of uric acid in the kidney. Likewise when the sulfonamides 
are used, sodium bicarbonate or other absorbable systemic alkali therapy 
should be used to prevent the deposition of these drugs in the urinary 
tract. 

The bicarbonate of potassium is often added to other expectorant, 
remedies in the treatment of bronchial catarrh and bronchitis, and is 
believed to increase the excretion and render it more fluid and more 
easily expectorated. 

The alkaline carbonates may be given as antidotes in poisoning with 
the corrosive acids, although magnesia is preferable, because it is less 
irritating to the stomach. Alkaline solutions should not be injected 
hypodermically, as sloughing has been observed repeatedly from this 
procedure. 

In cases of Poisoning with the caustic alkalies, the treatment consists 
in the administration of dilute acids, of which the organic— acetic, citric 
or tartaric— are the best. The first is most readily obtained in the 
form of vinegar. No attempt should be made to pass the stomach tube, 
as it is liable to pass through the corroded wall of the esophagus or 
stomach. General measures, such as central nervous stimulants, warmth, 
etc., may be taken. 

The symptoms of alkalosis resulting from the ingestion of large 
amounts of alkali, as mentioned above, disappear when the alkalies are 
withdrawn. In cases of severe alkalosis the administration of acidifying 
salts (calcium chloride, ammonium chloride) may be necessary 
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- Preparations 

if magnesium 
:e, as antacid, 



se, as antacid 

4 grams. 


Dose, 0,6 to 


AIagnesh Carbonas Ponderosus (B. P.), heavy magnesium carbonate, 

''■■■■ ■■ . ■. te powder. Dose, as 

"■ ' • • ‘ Dose 0.6 to 4 grams. 

ivIaunesu u.xioum roNUBitosuii (U. o. r., a. t.), Heavy magnesium ovide 
(MgO) (U. S. P.), a dense white insoluble powder. Dose, U. S. P., as antacid, 
0.25 gram; as laxative, 4 grams; B. P,, 0.6 to 4 grams. 
hlAGNEsrr Phospkas Tribasicus (U. S. P.), Mg,(PO<)j 5 H,0. Dose, 1 gram. 
Maqnesii Trisiucas (U. S. P., B. P.), magnesium trisilicate (2Mg0.3 
SiOsnHjO), a fine white tasteless powder almost insoluble in Rater. Dose, 

Tf S D i r> y* r. <> *_ n 

1 ' ■ " ■ • ■ ‘ cream of magnesia, a suspension of 

8 25 per cent of Mg(OH)*. Dose, 

* u> io nuts. 

Potassii Bicarb onas (U. S. P., B. P.) (KHCO,), colorless, transparent 
crystals with a saline, slightly alkaline taste and soluble in 4 parts of water. 
Dose, U. S. P., 1 gram; B. P., 1 to 4 grams. 

Potassii Carbonas (U. S. F., B. P.) (KiCOj), a white granular powder of 
alkaline reaction, soluble in one part of water, very deliquescent. Dose, U, S. P., 

1 gram; B. P., 0.12 to 0.3 gram. 

Potassii Hydroxidum (U. S. P , B. P.) (KOH), potassium hydrate, caustic 
potash— dry, white pencils or fused masses, deliquescent in the air and very 
caustic. 

Sonn Bicarb onas (U. S. P., B. P.) (NaHCO,), a white opaque powder, with 
a cool, alkaline taste, soluble m eleven parts of water. Dose, U. S. P., 1 gram; 
B. P. t 1 to 4 grams. 

SodiiCari 
reaction and 


Tabeli^e ■ ■ ■ : • 

sodium bicarbonate, soda mint tablets. Dose, 2 to 6 tablets 

REFERENCES 

Adams: Arch. Int. Med., 63, 1030, 1939 (Antacids.) 

Brown and Dolkart. Jour. Am. Med Assn , 113, 278, 1939 (Ulcer ) 

Cope: Clin. Sci , 2, 237, 1936 

Harnack and Kleine Ztschr. f. Biol.. 19. 417, 189S. 

Jawein- Ztschr. f. klin Med , 22, 43. 1893. , , 

Jeohers and Lerner New England Jour. Med.. 214, 1236, 1036 (Alkalosis.) 
Kraemer and Aaron. Am Jour. Digest. Dis.. 7, 57. 1940. (Magnesium Tnsilicate ) 
Mutch. Brit, Med. Jour , 1, 143, 205, 1936 

8ippy: j our . Am Med . Assn 64< 1625. 1915. ^ , 

StaDeemann: Emfluss der Alkalien auf den mensehlichen Stoffwechsel, 1890 
WoeduanandPoean- Am. Jour Med Sci , 198, 155, 1939. (Aluminum Oride ) 

2. Acetates, Lactates, and Citrates.— As far as their local effects are 
concerned, the acetates, lactates, and citrates of the fixed alkalies 
resemble the chlorides, owing any effect they possess to the salt-action. 
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In the tissues, however, they are oxidized and form carbonates, so that 
the effects are those of the chloride before absorption, and those of the 
carbonate subsequently. The oxidation seems to proceed rapidly, and 
is very complete, over 95 per cent of the acetate, lactate, or citrate dis- 
appearing, and only some 2 to 3 per cent being excreted unchanged in 
the urine. The available alkali of the blood is increased as by the carbo- 
nates, and the urine is increased in amount and is less acid or may be 
alkaline. 

The citrates are absorbed more slowly than the acetates or lactates 
and in sufficient quantity act as saline purgatives. The doses ordinarily 
prescribed, however, are too small to have this effect, and are also 
insufficient to induce any action after absorption except from that of the 
carbonate formed. Citrates form indissociable calcium salts and when 
they are injected intravenously they arrest the clotting of the blood and 
weaken the heart by throwing the calcium out of action. (See Calcium, 
Oxalate.) For this reason, sodium citrate cannot be used intravenously. 

Therapeutic Uses.— Acetate and citrate of potassium have been largely 
used as diuretics and for increasing the alkalinity of the urine. . They 
act here exactly as the alkaline carbonates and bicarbonates, but have 
the advantage of not neutralizing the gastric juice, or in any way 
affecting the digestion except from their salt-action, which may be 
minimized by exhibiting them in dilute solution. Sodium lactate is 
often administered intravenously in the form of a sixth molar solution 
in acidosis (as in diabetes) where it is desired to rapidly overcome an 
alkali deficiency. It is preferred to sodium bicarbonate for this purpose 
since it is more readily sterilized and will not cause necrosis if accidentally 
injected into the subcutaneous tissues. 

Preparations 

Potassii Acetas (IT. S. P., B. P.) ■ *•”’ ” * 

saline taste and very soluble in water. 1 ■■ . 

Potassii Citras (U. S. P., B. P.) ■ ■■ . 

a cool saline taste, readily soluble in • ’ ■ 

4 grams. 

Potassii Citras Effervescens (U. S. P.), effervescent potassium citrate; a 
mixture of potassium citrate, sodium bicarbonate, tartaric acid and citric acid. 
Dose, 4 grams. 

Soph Citras (U. S. P., B. P.) (N ajCJLO, +2 HiO) , a crystalline salt with a 
cool saline taste, readily soluble in water. Dose, U. 5. P., 1 gram; B. P., 1 to 
4 grams. 

Liquor Sodii Citratis Anticoagulans (B. P.), anticoagulant solution of 
sodium citrate. 

Liquor Sodii Citratis cum Dextroso (B. P.), solution of sodium citrate with 
dextrose. 

Tabellje Sodii Citratis (B. P.) f tablets of sodium citrate. Dose, 1 to 4 
grams. 

Sodii Lactas (B. P.), sodium lactate (70 per cent), CHiiCHOHiCOONa. 
REFERENCES 

Hahtmann- Ann. Int. Med., 13, 940, 1939. 

Johnson, et al .. Jour. Biol. Chem., 157, 461, 1945. 

Kuether and Smith. Jour. Biol. Chem., 137, 647, 1941. 

Pubinton and Schcck Jour. Biol Chem., 148, 237, 1943. 

Quick. Proc. Soc. Erper. Biol, and Med.. 47, 1, 1941. (Effect of Citrate on Prothrombin 
Level.) 

Shohb, ef al.: Science. 96, 6S7. 1942. (Physiological Significance.) 
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3. Ammonia and Carbonate of Ammonia. — Ammonia solution and 
carbonate of ammonia differ considerably from the corresponding 
hydrates or carbonates of the fixed alkalies in their effects. Solutions 
of ammonia and of the carbonate give off ammonia freely, so that the 
effects are very similar, although the solution of ammonia is much the 
more powerful. Owing to its volatility, ammonia penetrates more 
rapidly and deeply than the fixed alkalies, and at the same time is less 
Corrosive and less enduring in its effects. Applied to the skin in con- 
centrated solution, it may corrode to some extent, but ordinary dilute 
preparations act merely as rubefacients, like the volatile mb Even 
concentrated solutions do not dissolve the epidermis like the fixed 
alkaline hydroxides, but tend to penetrate through it and raise blisters 
When inhaled, the irritation of the nasal mucous membrane causes a 
reflex stimulation of the vasomotor center, and consequent contraction 
of the arterioles and augmented blood-pressure, while the respiration 
is first arrested, and then becomes deeper and fuller. The heart mav 
be temporarily slowed by inhibitory reflexes. Three parts of ammonia 
id 30,000 of air cause sneezing, pain in the nose, and tears, when inspired 
by man, and 5 parts in 10,000 are dangerous when inhaled for some 
time (Lehmann); the symptoms arise only from the local irritation and 
subsequent inflammation for any ammonia absorbed from the lungs h 
immediately neutralized. 

Concentrated solutions cause corrosion of the mouth, esophagus and 
stomach similar to that seen in poisoning with the fixed alkalies, but 
some of the vapor, passing into the respiratory passages, often sets up 
spasm of the glottis, or such swelling of the mucous membrane of the 
larynx and trachea as to induce asphyxia In cases of ammonia poison- 
ing, therefore, the symptoms often arise, not so much from the gastric 
corrosion as from asphyxia, and death may occur very suddenly from 
this cause. The carbonate of ammonia, when swallowed, also causes 
slight gastric irritation, and in larger quantities nausea and vomiting. 

After absorption, ammonia and its carbonates are rapidly changed 
to urea, and thus differ from the fixed alkalies in not increasing the 
available alkali of the blood, and in having no effect on the urine except 
to increase the urea and thereby cause some diuresis. 

The carbonate of ammonia stimulates the central nervous systrjn 
when it is injected into the blood in some quantity, but it 1ms no such 
effect when absorbed from ihestoroach. ( Cf Ammonium Chlorate, p. 5S-) 

_ Therapeutic Uses.— The aqueous solutions of ammonia are compara- 
tively rarely employed. The liniment is used as a rubefacient in bruises 
and in other similar conditions. The gas arising from ammonium 
carbonate is often inhaled in cases of fainting or collapse, in order to 
elicit reflex stimulation of the medullary centers. The ordinary “smell- 
ing salts” used for this purpose consist of the carbonate reinforced with 
some of the strong solution and flavored with oil of lavender. 

The aromatic spirits of ammonia and the carlionnte (in solution) 
am used ns mild gastric stimulants in debility, flatulence and alcoholism, 
and are very efficient for a short time. Large do«es of the carl nutate 
(2 grams) have been used as emetics, and do not cause such prolonged 
nausea os tartar emetic or ipecacuanha. 
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The carbonate of ammonia and the spirits or even the ordinary 
water of ammonia are often given in cases of collapse or sudden heart 
failure. They are generally administered by the mouth and probably 
act here not directly on the heart and respiratory center, as has been 
supposed, but reflexly from gastric irritation. The action lasts only a 
very short time, but may be sufficient to tide the patient over an acute 
collapse. In depression from many different causes the aromatic spirits 
of ammonia is a favorite remedy, and probably owes its value to its 
gastric action, and not to'any changes in the central nervous system. 
The carbonate is often added to other expectorant remedies to render 
the bronchial mucus excretion more fluid. This effect is mainly due to 
irritation of the stomach causing reflexly an increase in bronchial 
secretion. (See Am monium Chloride, p. 58.) 

Preparations 

Ammonii Bicarbonas (B. P.), a white crystalline powder with a pungent 
taste and slightly ammoniacal odor. Dose, 0.3 to 0.G gram in dilute solution. 

Ammonii C* r ” ■’ • 1 * 

of somewhat _ ■ . 

carbamate of ■ . . 1 i 

therefore its 

is very solut . ■ : ■ . 1 ‘ 

Dose, U. S. P., 0.3 gram (5 gr.) ; B. P., 0.3 to 0.6 gram. 

Liquor Ammonia Aromaticus (B. P.), aromatic solution of ammonia. Dose, 
1 to 4 mils. 

Liquor Ammonia Dilutus. (U. S. P., B. P.), diluted solution of ammonia, 
an aqueous solution of ammonia of 10 per cent strength by weight. Dose, B. P., 
0.6 to 1.2 mils. 

Liquor Ammonii Fortis (U. S. P., B. P.), strong solution of ammonia, a 
strongly caustic aqueous solution containing 28 per cent of NHj. 

Spiritus Ammonia: Aromaticus (TJ. S. P., B. P.), aromatic spirits of am- 
monia, contains ammonia and ammonium carbonate along with several volatile 
oils dissolved in alcohol. Dose, U. S. P., 2 cc.; B. P., 1 to 4 mils, in a glass of 
water. 

REFERENCES 

Alstead: Lancet, 1, 30S, 1941. (In Chronic Bronchitis.) 

BniGaa: Jour. Lab. and Clin. Med., 28, 174, 1942. (Significance of, in Urine.) 

Lehmann. Arch, f Hyg , 6, 1, 1886. 

Ruzdic and Huiika. Biochem. Ztschr., 316, 38, 1943. (Determination.) 

Zintel, Rhoads and Ravdin Surgery, 14, 728, 1943. (Use of NHtCl Intravenously.) 
See also Ammonium Chloride, page 58. 


VI. ACIDS 

Some acids owe their activity in the organism almost entirely to 
their acidity, i. e., to the hydrogen ion, and may therefore be treated 
together. In the case of many other acids, such as prussic or salicylic 
acid, the effects of the acidity or hydrogen ion are insignificant in com- 
parison with those of the rest of the molecule or the negative ion, and 
these are treated along with their salts. 

Action.— The acids owe their action on living tissues to their neutraliz- 
ing alkalies, to their withdrawing water when in concentrated form, 
nnd to their precipitating some of the proteins, more especially the 
globulins. 
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Most living matter is neutral or slightly alkaline in reaction, and 
seems to be incapable of existing in-acid media. Exceptions are met 
with in some of the moulds and in other vegetable organisms which 
live in somewhat acid solutions, but even these are destroyed by more 
concentrated solutions, perhaps because the acids precipitate their pro- 
teins. Acids are therefore Protoplasm Poisons and antiseptics of some 
power. Hydrochloric acid is found to delay the growth of organisms, 
and even to destroy the great majority of the less resistant forms in 
0.2-0. 3 per cent solution, or in the percentage in which it exists in the 
gastric juice. The others vary in strength largely according to their 
acidity. The inorganic acids are therefore more powerful as a genera! 
rule than the organic, which are less dissociated, and among the latter 
the simpler compounds are generally more active than those of larger 
molecule. 

When sulfuric or nitric acid is applied to the Skin in concentrated 
form, it acts as a powerful caustic, destroying the epidermis and pene- 
trating some distance into the skin and subcutaneous tissues, in which 
.it causes necrosis. This is of course accompanied by great pain, and 
if much of the skin is attacked, by shock and collapse and symptoms 
similar to those seen in severe burns. Sulfuric acid causes a white, later 
a brown or black eschar, nitric acid a yellow. Hydrochloric acid is less 
liable to cause wholesale destruction of the skin, hut penetrates the 
epidermis and raises blisters. The organic acids and phosphoric .acid . 
are still less irritant, hut cause redness and even blistering when applied 
in concentrated solution. Dilute solutions of the acids may act as slight 
irritants to the skin, and often cause a feeling of stiffness and numb- 
ness, perhaps from precipitating the proteins. 

The corrosive action of the acids is much more market! when they 
are applied to the less resistant Mucous Membranes. Even small quan- 
tities of strong sulfuric acid striking the eye arc sufficient to destroy 
the sight. 

In the Mouth, Esophagus, and Stomach, the corrosive action is evi- 
denced by complete destruction of the mucous membranes which come 
in contact with the strong acid. The esophagus and stomach may be 
perforated, and this, along with the shock and collapse, often proves 
immediately fatal, or if the patient recovers temporarily, the erosions 
may give rise to cicatricial contractions. Hydrochloric acid and the 
stronger organic acids are capable of causing corrosion of the mucous 
membranes, but this is generally not so extensive as that following 
nitric and sulfuric acid. The corrosion produced by acids differs from 
that produced by alkalies in that flic tissues become shrunken, hard and 
brittle, while after a caustic alkali they arc soft and swollen, and liaae 
a slimy, soapy appearance. . . ... 

The symptoms of corrosive acid poisoning arc intense pam in the 
mouth, throat and stomach, vomiting, and often diarrhea, shook and 
collapse, with rapid, weak pulse and shallow respiration. The tem- 
perature is often subnormal and death occurs in the course of a few 
hours. When fuming acids are swallowed, and especially in poisoning 
with hydrochloric acid, the irritant vapor passing into the respiratory 
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passages may cause spasm of the glottis, or edema of the larynx, and 
prove immediately fatal from asphyxia. Even one part of hydrochloric 
acid vapor in 20,000 of air causes sneezing and pain in the throat and 
chest. 

Dilute solutions of the acids have a characteristic taste, and induce 
a reflex flow of saliva and an astringent feeling in the mouth and throat, 
from their causing a coagulation of the superficial layers of proteins. 
In the stomach they displace any weaker acids from their combinations 
with bases, and may have some antiseptic action, but do not influence 
the amount of secretion in any way. The gastric juice is normally 
acid, containing about 0.2 per cent of free hydrochloric acid, and this 
acid reaction is essential to the action of pepsin. Other acids may 
replace the hydrochloric acid in digestion, but .both clinical experience 
and experiment point to hydrochloric acid as the most suitable acid 
for use in the stomach. 

The acids are absorbed from the alimentary canal fairly rapidly in 
most cases. In the Blood and Tissues they do not exist as acids but as 
salts, for'the reaction of the blood must remain slightly alkaline through- 
out life, and if sufficient acid be given to neutralize the alkalies of the 
body, the animal dies before the blood becomes neutral. Much larger 
amounts of dilute acids may be absorbed without serious symptoms by 
man and by the carnivora than by the herbivora. The explanation of 
this difference between the flesh-eating and the plant-eating animals 
is to be found in the nature ot their food. The flesh-eaters are accustomed 
to the formation of some acid in their tissues, because the alkalies of 
their food are insufficient to neutralize the acids formed by the oxida- 
tion of the organic matter, and they would gradually be deprived of 
all their alkaline salts, therefore, were they not protected by the forma- 
tion of ammonia. On the other hand, the herbivorous animals absorb 
much larger quantities of the organic salts of the alkalies in their food, 
and these, forming carbonates in the body, serve to neutralize. what 
acid is formed in the tissues. In ordinary circumstances, therefore, they 
have no need to protect the fixed alkalies, and are unprovided with any 
mechanism for this purpose. When an excess of acid is absorbed, they 
neutralize it by means of the fixed alkali of the tissues and blood, and 
the slight change in the reaction reduces the power of the hemoglobin 
to transport carbonic acid from the tissues to the lungs. Thus in acid 
poisoning in rabbits, the alkali of the blood has been found to be so 
greatly reduced that the blood instead of containing some twenty-five 
volumes per cent of carbonic acid, carried only two volumes per cent 
or very little more than could be dissolved in the same amount of water. 
\Vlien this occurs, the tissues are unable to rid themselves of their 
carbonic acid, and a series of symptoms follow, commencing in deep, 
labored, rapid, afterward shallow, respiration; the heart is weak, a con- 
dition of collapse follows, and eventually the respiration ceases, the heart 
continuing to beat for some time longer. The injection of sodium car- 
bonate, even in the last stage of intoxication, is followed by rapid 
recovery, from the restoration of the normal reaction of the blood and 
j tissues. 
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Acidosis.— When small quantities of acid are absorbed the acid is 
onrc neutralized by tbc alkali bicarbonate of the blood, the resulting 
C° s stimulates the respiratory center and is got rid of bv the increased 
of , 1 ' c A smaller amount of alkali remains in reserve 
n the blood, but tins is remedied by the excretion of acid salts by the 
urme, so that the reserve quickly rises again The only important 
symptom arising from a considerable reduction of the alkali reserve is 
breathlessness on exertion. If the alkali is further drawn upon bv verv 
large amounts of acid, death follows as has been described above,' 

the salts formed in the blood and tissues after the absorption of 
ands are rapidly Excreted by the kidneys, which, houeier. retain as 
ouch alkali as possible in the body and thus excrete the salts in an 
acid form. Hence there arises in some cases irritation of the kidnevs. 
With albumin, and even blood, m the urine, which is rendered more 
u jj 30 U » sua nnc * causcs a wusation of beat and smarting in the 
11 r and urethra. In the hcrbivora the reaction changes from 
alkaline to strongly acid, .and large quantities of the salts of the alkalies 
appear, while in the carnivora some increase in the sodium and potas- 
sium of the urine occurs along with a much greatei increase in the 
ammonia. The total nitrogen is somewhat increased from the large 
amount of ammonia, but the urea is slightly decreased, since it is from 
he latter that the kidney forms the ammonia with which the excess 
acid js excreted. 

Therapeutic Uses.— The acids are used in medicine only to a limited 
extent, and most of th$ official preparations might well be dispensed 
with. 


^hey may be employed to give flavor to draughts m fever and to 
quench the thirst, the most popular forms being those formed from 
fruits, such as lemons, limes, or grapes. The taste is due to the sugars, 
acids and volatile oils of the fruits, and is modified by the presence of 
inert colloid substances such as the pectins The acids, of which citric, 
tartaric and malic arc the chief, are very important factors in tbc 
effect, for if these be neutralized, the fruit juices become insipid, and do 
not quench thirst so thoroughly. 

. Acids are also used in certain forms of dyspepsia, and chronic diarrhea 
m which the hydrochloric acid of the stomach is deficient Hydrochloric 
acid is most frequently prescribed for this purpose. Hydrochlorides of 
ammo acids (e. g. 7 glutamic acid hydrochloride) which are solids, are 
also available. In achylia gastrica, which may be congenital, there may 
be a total absence of hydrochloric acid in the stomach. In pernicious 
anemia and malignant disease of the stomach, hydrochloric acid may 
e flatly reduced or absent. Grave lack of acid not only may prevent 
^jP es ^' ori but also deprives the stomach of the antiseptic action 
nc ^- Also food tends to leave the stomach too soon because the 
frmex closure of the pylorus which is induced by high acidity of the 
. u °denum fails to take place. The acid stimulus to secretin formation 
is also Wanting. Improvement of digestion and of the general condition 
1 j °fren produced in these diseases by administration of dilute hydro- 
c iiorie acid. However, many normal individuals ha\e gastric achlor- 
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hydria without manifesting any symptoms. In forms of dyspepsia 
arising from a sedentary life or in tiie course of convalescence, acid is 
often prescribed along with the bitter stomachics and is to be taken 
about one-half hour before meals. Irritation of the stomach or hyper- 
acidity of the gastric juice, is, of course, a contraindication. 

In achlorhydria, dilute hydrochloric acid, which is a 10 per cent 
solution, is administered in doses of 2 cc. well diluted with water. 
Although this amount of acid is insufficient to allow the appearance of 
free hydrochloric acid in the stomach, it will often relieve the symptoms 
of achlorhydria. The hydrochloride of glutamic acid may be used for 
the same purpose. Although the administration of hydrochloric acid 
renders the urine acid and thus* less favorable to the growth of microbes, 
the acid forming salts such as ammonium chloride, calcium chloride or 
acid sodium phosphate are used for this purpose. 

In cases of alkaline poisoning, the acids are the natural treatment; 
the organic acids should be preferred for this purpose, as they are less 
liable to cause additional corrosion, and acetic acid in the form of 
vinegar is more likely to be at hand than any other. 

In every case in which acids are prescribed internally, they have to 
be given largely diluted, as otherwise they irritate the throat and 
stomach.' They are taken through a glass tube, in order to prevent as 
far as possible their action on the teeth. 

Externally, the acids are used to some extent as corrosives, strong nitric acid 
being used not infrequently to destroy small tumors, to cauterize the 03 uteri 
and for similar objects. Its action is more easily localized than that of potash 
and on the other hand is more powerful than * l ■**”*•” ’ t 

nitrate and zinc chloride. In dilute solution, ■ * o 

the skin to lessen excessive local sweating and ■ . ■ ■ . -o 

sponge fever patients. 

In cases of corrosive Poisoning with acids, the first indication is to 
neutralize the acids as far as possible by giving alkalies. These ought 
not to be in themselves corrosive, and the best antidote is therefore 
the insoluble magnesia and magnesium carbonate. Lacking these, the 
most readily accessible alkali is the best, and the lime may be scraped 
from the walls or ceilings, or chalk, soap, or wood ashes may be given. 
The walls of the stomach and esophagus may also be protected by 
giving milk or white of egg, or the acid may be rendered less corrosive 
by diluting it with large quantities of water. 

Sulfuric Acid is one of the most corrosive ’acids when it is applied in con- 
centrated form, and often induces complete charring of the tissues, and a coal- 
black slough. 

*..*j - c » » • T" r cent. 

! ■ ‘ ‘ ‘ * i contains 10 per cent of absolute 

sul . ■ 

‘ m ' ’ used. 

liiuxu Aciu is equal or superior w> suuunc in its corrosive action. It stains 
the skin and tissues a bright yellow or yellowish-brown, and this serves to 
distinguish cases of poisoning under the two acids. 

Acidum Nitricum (U. S. P., B. P.) contains 70 per cent of absolute nitric 
acid (HNOi). 
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repeatedly occurred from oxalic acid having been mistaken for magnesium 
sulfate, which it resembles in appearance. The symptoms are those of acid 
poisoning, along with the specific effects of the oxalates. Oxalic acid is not used 
in therapeutics. 

Tartaric Acid induces symptoms of gastric irritation when taken in large 
doses, and has been the cause of fatal poisoning in a few cases. It is slowly 
absorbed, and some of it escapes combustion in the tissues and is excreted in 
the urine in the form of acid tartrate. (See Tartrates, page 242.) 

Acidum Tartaricum (U. S. P., B. P.) (H 2 C«H,0 4 ), colorless crystals, very ' 
soluble in water. Dose, B. P., 0.3 to 2 grams. 

Tartaric acid is prescribed with the carbonates and bicarbonates to form 
effervescent draughts; the tartaric acid ought to be slightly in excess in order 
to lend its pleasant acid taste, the usual proportion being about eight parts 
of acid to seven parts of sodium bicarbonate. These effervescent mixtures 
formed with the tartrates act as saline cathartics in large doses (see page 242). 
Tartaric acid may be prescribed in dilute solution with sugar and a drop of 
volatile oil as a lemonade, which is cheaper than that formed with citric acid. 

Citric Acid resembles tartaric acid in its action, but appears less irritant, and 
no case ( " ’ * ’ * ~t is slowly absorbed like 

tartaric, ■ tissues. 

Acidu. *• . resembles tartaric acid 

in its properties for the most part. Dose, B. P. f 0.3 to 2 grams. 

Syrupus Acidi Citrici (U. S. P.) is ordinary syrup to which 1 per cent of citric 
acid and tincture of lemon-peel have been added, and is used only as a flavor. 

Citric acid and the citrates when added to drawn blood prevent clotting by 
combining with the calcium in a practically ’min- 
istered by the mouth it has no such effect c i use 

to lessen clot formation in the body is basec 

tw 

su 

ab 

bo ; 

solutions and drink while effervescing. In large quantities this mixture acts as 
a saline cathartic; in smaller quantities it may be used to increase the alkali of 
the blood, and to render the urine less acid. 

Lime juice and lemon juice, which contain considerable amounts of free 
citric acid, arc generally preferred to the pure acid for lemonades to quench 
the thirst. Lime juice has been found of great benefit as a prophylactic in the 
treatment of scurvy, but this is not due to the citric acid, but to the vitamin 
of the fruit juices (page 602). 
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TO. OXYGEN 

Ever since the discovery of the relation of oxygen to the respiration, 
attempts have been made to use it in therapeutics especially in cases 
where the blood seems to be insufficiently oxygenated. Air contains 
20.93 per cent of oxygen, and normally the alveolar air contains about 
' 14 per cent of oxygen, which, at ordinary barometric pressures, is equiva- 
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lent to an oxygen pressure of approximately 105 mm. of mercury. At 
this pressure the amount of oxygen in simple solution in the blood is 
0.3 volume per cent, while the amount of oxygen in combination with 
hemoglobin will be 18.5 per cent. As the hemoglobin is under these 
conditions already 95 per cent saturated with oxv gen, increase in the 
percentage of oxygen in the alveolar air cannot materially alter this, 
but the amount of oxygen in solution can be increased from 0 3 to a 
maximum of 2,2 volumes per cent when pure oxygen is respired. I'nder 
normal conditions, therefore, an increase of 00)3 about 15 per cent in 
the oxygen-carrying capacity of the blood can be attained e\ en by the 
inspiration of pure oxygen. At first sight this would seem to be ills- 
couraging to the use of oxygen as a therapeutic measure, but in abnormal 
conditions of oxygen want in which the oxygen content of the arterial 
blood is reduced, an increase in the 0x3 gen content of the iiheolui* air 
may be of great advantage. Moreover, where the breathing is labored, 
the use of oxygen will reduce the respiratory efforts necessiry for 
aerating the lungs and thus prove of benefit to the patient. 

The normal functioning of all the tissues in the body is dependent 
upon their receiving a sufficient supply of oxygen. This supply may be 
inadequate owing either to the blood receiving or absorbing insufficient 
oxygen or to the circulation in the tissues being defective. (. omhtions 
of oxygen lack may be conveniently arranged under the following groups. 

1. Anoxic Conditions.— In these, owing to alteration in the atmos- 

pheric environment or to impairment of the gaseous exchanges in the 
lungs, the arterial blood does not contain its normal amount of oxygen. 
This may occur, for example, where there is an insufficient partial pres- 
sure of oxygen in the inspired air, as in mountain sickness. It may occur 
when for any reason there is an impediment to the normal entry of air 
into the lungs, c. g., in laryngeal or bronchial obstruction, or when an 
area of the lung is partially or totally unventilated. One of the most 
important pathological conditions which may produce this condition is 
an inflammatory or edematous thickening of the alveolar epithelium, 
which may necessitate an increased partial procure of oxygen in the 
alveolar air in order that normal amounts of oxygen may reach the blood 
This condition may be present, for example, in pneumonia or pulmonary 
edema. , . , . 

2. Anemic CowMiow.-Thc supply of oxygen to the blood may he 

normal, but the oxvcen-carrying capacity of the blood may- be deficient. 
This will happen when there is a deficiency in the actual quantity of 
hemoglobin (c. in certain anemias) or m the available hemoglobin 
(«•?., in carbon monoxide poisoning). ^ f failure 

■ . . . . - . , ■ ' * ■ normal 

. . . ■ ■ ■ -he blood 


becomes unduly * desaturated as regards oxygen. ‘lJic anoxemia of 
circulatory- failure is primarily a stagnation anoxemia. 

4. Tutuf Conditions. -In certain types of poisoning, notably with 
cyanides, the tissues are relatively incapable of taking up oxygen «*n 
if it is supplied to them in normal amounts by the blood. 

It will be evident that the administration of oxygen will be of greatest 
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value in conditions of anoxic anoxemia, and of little usefulness in 
anoxemia due to circulatory failure since in this condition the blood 
leaving the lungs is adequately aerated. Nor will oxygen be of value 
in conditions where the tissues are unable to use oxygen. In anemic 
conditions oxygen will be of value in carbon monoxide poisoning where 
its administration (with carbon dioxide to stimulate the respiration) 
aids in displacing the carbon monoxide from its combination with 
hemoglobin. 

The symptoms of oxygen lack vary* greatly according to the degree 
of oxygen lack and the rapidity with which it is induced, but among 
the important symptoms arc hyperpnea, cyanosis, increased pulse rate, 
fall of blood-pressure, and progressive depression of the central nervous 
system. It is important to remember that cyanosis does not commence 
to be apparent until the oxygen saturation of the arterial blood has 
fallen to 80 or 85 per cent, and that even before' this stage is reached, 
damage may be done to the myocardium or central nervous system. 
Oxygen ought therefore to be given, if possible, before cyanosis develops, 
and -to be given in larger quantities than will merely remove the cyanosis 
if that is present. The ideal would be to administer just sufficient 
oxygen to restore the oxygen saturation to the normal level. Blood-gas 
estimations are necessary to determine this accurately, but these are 
not always practicable, and the value of oxygen administration must 
usually be judged by the relief of symptoms of oxygen lack. 

• Therapeutic Uses.— Oxygen therapy is of greatest value in pneumonia 
where the consolidation, effusion of fluid and edema of the pulmonary 
tissue interferes with the absorption of oxygen from the alveoli. This 
is evidenced by the cyanosis and decreased oxygen content of the 
arterial blood. Administration of oxygen abolishes the cyanosis and 
dyspnea, reduces the pulse rate and improves the subjective condition 
of the patient. 

Oxygen is also of value in pulmonary edema and in severe exacerba- 
tions of bronchitis, asthma, emphysema and bronchiectasis. In cardiac 
decompensation where there is cyanosis, in acute coronary occlusion, 
and in attacks of paroxysmal dyspnea, the administration of oxygen 
is of value. 

The use of oxygen (with carbon dioxide) in carbon monoxide poisoning 
has already been mentioned. Oxygen is also used in anesthesia in 
conjunction with certain anesthetics (nitrous oxide). It has been 
advocated for use in abdominal distention, to relieve the symptoms 
following pneumoencephalography, in head injuries and in numerous 
other conditions where it is desirable to increase the oxygen content 
of the blood or tissues. 

Though any good effect derived from oxygen therapy is, as a rule, 
evanescent, it is important to realize that often a permanent effect may 
be obtained from its breaking a vicious circle. Usually, it should be 
given as continuously as possible and the benefit to be obtained from it 
depends largely upon the efficiency of the method of its administration. 

Methods of Administration.— Oxygen is stored in steel cylinders at 
high pressure. It is difficult to devise a method of administering it 
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in a few hours from respiratory irritation; a condition of weakness and drowsi- 
ness precedes death, apparently as a result of the local irritation, and the les- 
sened movement is accompanied by a fall in the CO 2 eliminated. Ozone injures 
most enzymes and the fermentation of yeast is hindered, but-the lactic fermenta- 
tion does not seem to be affected and some others are merely delayed. Ozone 
applied to the seeds or leaves of the higher plants also delays their develop- 
ment and injures them. 

Ozone has undoubtedly disinfectant properties, but these are only apparent 
when air contains 15 mg. or more per liter. Even this disinfects only the air 
itself and the surfaces of objects, as the ozone loses its oxidizing properties 
whenever it comes in contact with organic matter and therefore fails to penetrate. 
It has been advocated to disinfect drinking water, but is efficient only in fairly 
pure waters, as any organic matter is oxidized and thus absorbs the ozone and 
the microbes escape. For this reason it cannot be used to sterilize milk or food. 
Preparations 

Oxygenjum (U. S. P., B. P.) contains not Jess than 99 per cent (U. S. P.; 
B. P. ( 98 per cent) by volume of oxyg ' ” ’ ’ ' 1 ’ 

cylinders. Because of the greater ■ ■■ . ■ u 

atmosphere of oxygen, great caution } 

vicinity of oxygen tents. 
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vm. CARBON DIOXIDE 

Carbonic acid is contained in considerable quantity in many thera- 
peutic preparations, notably in the effervescent cathartics and ant- 
acids, and also in many beverages, such as soda water, potash water, 
champagne and other sparkling wines. In some of these it is formed 
by the action of an acid such as citric or tartaric acid on carbonates, 
in others it is liberated in the course of fermentation, while in the 
artificial aerated waters it is forced into solution under high pressure. 
The last are therefore simple solutions of carbonic acid, while in the 
others more powerful agencies— cathartic salts or alcohol— are con- 
tained in addition. 

Carbonic acid has a weak irritating action when applied in quantity; 
thus in baths charged with carbonic acid, a slight reddening of the 
skin has been observed, and some irritation and prickling of denuded 
surfaces is produced; a stream of carbonic acid directed against a 
wound or bum causes considerable heat and pain. Pure carbonic 
acid gas causes spasm of the glottis when inhaled, and even when it is 
much diluted, some irritation in the respiratory passages may follow 
at first. Solutions of carbonic acid induce reddening of the mucous 
membrane of the mouth and stomach, and are very rapidly absorbed, 
owing to the congestion and increased blood flow in the stomach wall 
which follows their administration. Much of the carbonic acid is 
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thrown up by eructation, but some of it is .absorbed and is excreted by 
the lungs. The absorbed acid has no effect on the organism, but the 
slight irritation of the stomach may cause increased appetite and a 
feeling of well-being. The rapid absorption of the water in nhieh it is 
dissolved is followed by an augmented secretion of urine, and the car- 
bonic acid waters are therefore used in preference to ordinary waters 
where a rapid flushing of the tissues and a profuse secretion of urine is 
desired. In addition, the slight irritation of the mouth and stomach 
renders them more acceptable than ordinary waters in fever and in other 
diseases accompanied by intense thirst; a mixture of milk and aerated 
water is often very grateful. The presence of carbonic acid in the spark- 
ling wines leads to the rapid absorption of the alcohol also, and this action 
on the stomach may explain their being more exhilarating than other 
wines containing an equal amount of alcohol. The slight irritant 
effect of carbonic acid in the stomach has proved of benefit in some forms 
of gastric eatarrh, such as that following alcoholic excess. Carbonic acid 
waters arc also useful in the vomiting of pregnancy and in seasickness. 

The prolonged application of carbonic acid to the mucous mem- 
branes leads to local anesthesia, and numbing of the skin is also stated 
to occur under similar treatment. 

Carbon dioxide is absorbed from all the mucous membranes, from 
the skin and from the lungs. The gas has no effect after absorption 
except when inhaled, however, as when absorbed in any other way it 
is at once excreted by the lungs, and the amount absorbed never alters 
appreciably the normal percentage of carbonic acid in the blood. 


Toxicity.— When carbon dioxide is ml ’ ' *" ""' <l 

asphyxia, partly from a specific action 
system, but chiefly from the absence of u 

similar to those of any indifferent gas, such as hydrogen or nitrogen, and the 
symptom? are those of ordinary' asphyxia When, however, COs 's mhaied 
mixed with a sufficient amount of oxygen, the specific effects of the gas arc 
observed without any asphyxia The symptoms arc those of transient stimula- 
tion and subsequent depression of the central nervous system and heart, ine 
first stage is marked by a very short period p, ! * 


be continued the respiration fails, the heart continuing to oeav mi a m*«i urn,, 
though weaklv. The svmotoms of the first stage seem to be due to a direct 
stimi 
cent* 


les, t 
of the ’ 
thetic 


-* air has oeer^useu as an ww 
from carbonic acid poisoning 


wui uouie amu iu excess acts as • 
nervous system and the heart, oi 
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Frog’s muscle loses its irritability rapidly, the ciliated epithelium ceases move- 
ment and the motor nerves, after a short period of increased excitability, are 
paralyzed by exposure to an atmosphere of carbonic acid. The blood assumes 
the venous color when shaken with the gas, and prolonged contact produces 
acid hematin, ns does any other acid. It is a general poison to the protoplasm 
in mammals, apart from the effects on the central nervous system, for the com- 
bustion in the tissues is lessened to an extraordinary degree, as is evidenced by 
the very small amount of oxygen absorbed. 

Therapeutic Uses. —Carbon dioxide is the natural and the most effective 
stimulant to the respiratory center. Pure air contains about 0.04 per 
cent of CO 2 , while a badly ventilated room may contain several times 
that concentration. \The addition of CO;, up to a certain point, to the 
inspired air causes an increase in the lung ventilation. For example, the 
addition of 2 per cent of CO* may increase the volume of air breathed by 
about 50 per cent, 5 per cent CO: by as much as 500 per cent, the increase 



Fio. 4. — Periodic respiration in a rabbit. Between the arrows, 6 per cent CO* in air was 
inhaled and the respiration bocamo regular, but relapsed again soon afterward. 

in the former case being due to greater depth of respiration, in the latter 
case also to increased frequency. With higher percentages toxic effects 
may appear. 

The stimulating effect of CO 2 inhalations will occur to the degree 
mentioned above only when the respiratory center is normally excitable. 
When the respiratory center is depressed, e. g., by narcotics or pro- 
longed defective blood supply, the effects will be less dramatic. 

The inhalation of oxygen containing 5 to 7 per cent of CO 2 has been 
used in a variety of conditions to stimulate the respiratory center and 
to prevent collapse of the lungs, especially in asphyxia due to drowning 
or in asphyxia of the newborn, and in poisoning by carbon monoxide, 
morphine, etc. In some forms of Cheyn e-Stokes respiration it has been 
found that carbon dioxide restores regular breathing (Fig. 4). Inhala- 
tions of C0 2 have been strongly recommended for the prevention of 
lung complications following the use of anesthetics, especially ether. 


CARBON DIOXIDE gg 

During unconsciousness produced by ether or arising from anv other 
cause, the stoppage of voluntary movement, the cessation of chances of 
naS and esp t ec '? l!y thc oppression of coughing tend to preveift the 
mucus mav bWW, mUCUS u t T th ?. bronchi - This accumulation „? 
the w Y^ f k r 1C s “ oll<:r . b 1 r ? n oh'. leading to collapse of areas of 
the lung, and so favor bacterial infection. The increased resnintorv 

TIkoZl7 r0 1 UCe ,i by COi - teBd t0 prevent this colia P se o! 'he lung. 
It also accelerates the excretion of the anesthetic by the lungs For 

recmwfmm sbor , t , pe . ri ' ods f “halation of CO, administered during 
cnmnvJn!™ m a DH t h esla “re Micvcd to be of value in preventing lung 
of Z rSh 0 " 3 # ? rcs J )lratlmM are arrested, inhalation of CO- must 
ot course be effected by some form of artificial respiration. 

Preparations 

COOS’S Hr®.™ s - P V,B. 5’.) contains not less than 99 per cent of 
?, for convenience is ilsuall,- compressed in metal cylinders. 

avai)abrco™SSly” d “h 0 " d ‘ 0Xae OT,,p, ' esstd in sleel «’ Mera 3re als0 

of c°old aedfe efre > ct«. OCC0Si0nally ^ ( °' ^ spp ” cat,!m 
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EC. CAKBON MONOXIDE 

Carbon Monoxide (CO) which results from the incomplete oxidation 
o compounds containing carbon, is of toxicological interest since it 
... en .S iy es rise to fatal poisoning. The exhaust gas of automobiles and 
u £Rnating gas used in the household are the commonest source of 
a .^°P mon oxide poisoning. Carbon monoxide forms a stable compound 
W1 ch hemoglobin, carboxyhemogfobin, which prevents this blood pig* 
5?5 nt from transporting oxygen to the tissue and hence asphyxia ensues. 

, . concentration of carbon monoxide in the inspired air and the time 
urmg which it is inhaled will determine the amount of the noxious gas 


1 and hence its harmfulness. As expressed by Henderson and 

a ggard, if the product of the hours of exposure by the parts of carbon 
onoxiae present in 10,000 parts of air, exceeds nine, symptoms are 
‘cited which at fifteen become dangerous to life. Thus air containing 
•t per cent (ten parts per 10,000) is dangerous if inhaled for one nnd 
^e-half hours or longer. 

y ~J Ie symptoms of carbon monoxide poisoning arc those of anoxia with 
rnff / C ’ weakness, dizziness, tachypnea, nausea, etc., leading ulti* 
me K Coma > respiratory failure and death. The skin and mucous 
of ^ nes assume a cherry red appearance due to the bright red color 
Car “ 011 monoxide hemoglobin. 
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Treatment of carbon monoxide . poisoning consists in removing the 
carbon monoxide from the blood. This is best done by the administra- 
tion of oxygen containing 5 to 10 per cent of caibon dioxide. Permanent 
damage to the central nervous system, particularly of the higher centers, 
may result and as a consequence a fatal outcome may still ensue follow- 
ing the elimination of the gas and apparent improvement. 

Numerous other toxic gases such as hydrocyanic acid, bcnxol, etc., 
are discussed elsewhere. Of recent years the introduction of many new 
organic gases as mechanical refrigerants, as insecticides, etc., has given 
rise to numerous instances of poisoning by these compounds. Methyl 
bromide used as a fumigant, fire extinguisher and refrigerant is an 
example of such compounds which have given rise to poisoning. 
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X. HELIUM 

Helium is one of the inert rare gases which U occasionally used in 
medicine because of its lightness. A mixture of 80 per cent helium and 
20 per cent oxygen is only one-third as heavy as air and hence this 
mixture is breathed with much less effort than air. It is therefore used 
where there is respiratory obstruction and dyspnea as in status asth- 
maticus. Because of its ready diffusibility and low solubility compared 
to nitrogen it is also useful in decompressing divers subjected to high 
pressure. The incidence of “divers’ bends,” caused by the release of 
nitrogen in the body, may be appreciably reduced by using a mixture of 
helium and oxygen rather than air in the pressure chamber or during the 
decompression period. 
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XI. THE HEAVY METALS AND METALLOIDS 
A. HEAVY METALS 

A large number of important drugs belonging to the chemical series 
of heavy metals resemble each other so closely in their action in living 
organisms that they may be readily grouped together in a division of 
the pharmacological system. There is both chemical and pharmaco- 
logical justification for separating the group of the heavy metals proper 
from their near relatives the metalloids, though the transition from the 
former, through bismuth and antimony, to arsenic and phosphorus, is a 
gradual one. Bismuth might almost equally well be grouped with the 
heavy metals and even antimony is sometimes included in that group; 
but there are at least reasons of convenience for the subdivision here 
adopted. 
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The metals as such do not induce any symptoms except from their 
mechanical properties, ^ Thus mercury may be swallowed in large 
quantities without causing mercurial poisoning, and silver or copper 
coins are equally devoid of effect as poisons. They arc active only 
when they are capable of dissociation into ions of the metal or of an 
oxide. Thus potassium ferrocyanide does not cause any symptoms 
of iron poisoning when it is injected into a vein, because the iron passes 
through the body undissociated, and any effects are due to the ferro- 
cyanidc ion and not to the iron. In the same way compounds of the 
metals with ethyl and methyl, such as lead triethyl, have an action 
quite different from that offend, as long as they remain undccomposcd in 
the tissues, hut eventually induce metallic poisoning, as they are broken 
up into bodies from which the lead or lead oxide ion can be dissociated. 

The action of the heavy metals consists of two parts, the local effects 
induced at the point of application, and the general effects which 
follow the absorption of the poison into the blood and tissues. Either 
of these may be produced alone by suitable preparations and modes of 
administration, and they are to be regarded as entirely independent 
of each other. 

The Local Action of the heavy metal series is due to their precipitating *< 
proteins in very dilute solutions. Proteins arc also thrown out of 
solution by salts of the alkalies and alkaline earths, but only when 
these are present in much higher concentration than is necessary in the 
case of the heavy metals; and the precipitate formed by the salts of 
the alkalies is reversible, that is, it can be redissolvcd by the addition 
of water. 

When a salt of a heavy metal is added to n solution of egg albumin, 
or similar protein, a precipitate is formed consisting of proteins and a 
variable amount of the metal or its oxide, while free acid remains in 
solution. The precipitate is insoluble in water but is dissolved b„\ 
neutral salts, including those of the heavy metals so that the addi- 
tion of more metallic salt may redissohc it; similarly the addition of 
more protein solution may rcdissolvc it by increasing the supply of neu- 
tral salts. The precipitate contains the metal in an insoluble form, and 
the latter may he detected hv the ordinary reactions; thus the protein 
precipitate from iron salts is blackened by ammonium sulfide in the 
same way as ordinary iron. 

On subjecting these precipitates to certain chemical manipulations, 
however, the metal seems to l»ecomc more firmly attached to the protein, 
for ammonium sulfide acts on it much more sJonh. The metal b 
then said to be masked, because its presence is not so readily detected 
as in ordinary combinations. I’arriaUy mashed preparations ha>c Iwn 
formed artificially, but in the l»ody tire proofs is carried much further, 
for in many of their protein compounds the metals cannot lx? detected 
by any of the ordinary tests, however long the reagents max remain hi 
contact with them, and their presence is recognized only when the 
protein is destroy cti b.v heat or other similar agencies. 

When n solution of ft metallic salt comes in contact with a, living i 
tissue, such os the mucous membrane of the mouth or stomach, the 
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same precipitation of protein and metal occurs and the acid is liberated; 
the local action appears to be determined by the combined effects of 
these factors. The more completely dissociated the ions of the salt 
are, the more rapid is the reaction with protein, and the more intense 
the local action. Thus the more readily ionized inorganic salts act 
more strongly than the organic ones, 'which are slowly dissociated, 
and these in turn are more liable to cause marked local changes than 
the double salts, which are dissociated with difficulty. The activity 
of the acid liberated also varies with the extent to which it is disso- 
ciated into ions; it therefore exercises the same astringent or corrosive 
effects as if it had been applied uncombined, but its action may be 
modified by the presence of a layer of precipitate protecting the sur- 
I face. Thus when a weak solution of lead acetate is applied to a mucous 
1 membrane, a precipitate is formed in the proteins lying on the surface, 

1 and protects the cells from the action of the very dilute acetic acid 
which is set at liberty. If a stronger solution be applied, however, the 
| metallic precipitate extends into the cell, while the acetic acid, being 
more concentrated, exercises some irritant action. As the concentration 
increases, the deeper parts of the epithelial cells are coagulated, and at 
the same time the acid becomes more destructive, so that eventually the 
superficial layer of the epithelium is killed and the deeper layers are 
attacked. The acetate of lead may thus act as an astringent, covering 
a mucous surface with a protective pellicle of insoluble precipitate, 
or as an irr itant, which induces an increase in the circulation of the 
partTamore rapid division of the cells and an effusion of liquid, or as a 
corrosive , involving the superficial layer of cells, and sometimes even 
thedeeper ones, in its destructive effects. 

When the nitrate of lead is applied, the astringent effect is much 
less evident, the irritant and corrosive more marked, because the salt 
is more readily dissociated and the reaction is therefore more rapid, 
and, in addition, the nitric acid is much more corrosive than acetic 
acid. The same metal attached to different acids may therefore induce 
very different effects, in the one case acting chiefly as an astringent, 
in the other as an irritant and corrosive. 

The character of the metal which is carried down in the precipitate 
also influences the local effect; thus mercury is intensely poisonous and 
destroys the cells in which it is deposited, while lead is a less powerful 
poison and the cells may recover even if lead has been deposited on them. 
In addition, salts which have a very strong affinity for water with- 
draw fluid from the cells, and thus act more strongly on them than 
others which have not this character; for example, dried alum is much 
more destructive to the tissues with which it comes in contact than 
alum containing its ordinary water of crystallization. 

The different metallic salts therefore vary in their local action within 
wide limits— from the formation of mildly astringent membranes to 
the production of widespread necrosis and destruction of tissue. 

The most powerful corrosive salts of any metal are those which are 
most rapidly dissociated into ions, that is, the chlorides and nitrates, 
provided they are soluble. The sulfates are much less irritant, because 
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they are less readily dissociated, and perhaps because the sulfuric 
acid may fail to penetrate the cells, owing to its being less volatile 
and its anion having less permeating power than that of hydrochloric 
or nitric acid. The iodides and bromides are generally regarded as less 
irritant than the chlorides, but are less frequently used and less well 
known. 

The least corrosive of the salts of the metals are those formed with 
the slowly dissociated organic acids, such as the acetates, tartrates or 
citrates. When these are united with a metal which in itself is not a 
very active poison, such as lead, they are almost purely astringent. 
On the other hand, the acetate of silver or of mercury tends to he 
irritant and corrosive, from the poisonous action of these metals on 
the tissues. In any case, the acetates are less irritant than the corre- 
sponoVng c&forrcfes an d nitrates, provided they are equaffy sofuhfe. 

The local action also varies in the same salt of different metals. 
Lead is the most astringent of the metals ordinarily used in solution, 
while mercury salts have little or no astringent action, owing to their 
specific poisonous action on the cells. Iron and aluminum approach 
most nearly to lead, then copper, zinc and silver, and at a longer inter- 
val, mercury. 

It is impossible to arrange the metallic salts as either astringents or 
irritants, because in every instance the effect varies with the concen- 
tration, and with many other features, such as the condition of the 
surface to which they are applied, and the quantity of protein with 
which they come in contact before they beach the living membrane. 

The insoluble salts come into less intimate contact with the tissues, 
and have much less effect; but many of them are slowly taken up and 
may then act as irritants or astringents. The insoluble preparations of 
mercury tend to irritate and corrode the surfaces to which they are 
applied, but the insoluble salts of the other metals are generally astrin- 
gent. It is difficult to determine how far the so-called astringent and 
protective action of these insoluble substances is due to the formation 
of precipitates, and how far to their acting mechanically as protective 
coverings over irritated surfaces, but the latter factor is undoubtedly 
the more important in many instances. 

If the metal is applied in the form of an “albuminate," that is, in the 
protein precipitate, the effects are the same as if it were used in any 
other insoluble form; for example, the '‘albuminate" of lead and most 
metals cause no irritation, but that of mercury acts as an irritant. 

The precipitation induced by the astringents involves only the sur-' 
face layer of cells, but the membrane formed protects the part from 
mechanical and chemical irritation, and thus lessens congestion and 
inflammation. It also renders the surface less permeable and so may 
check exudation. ' Some authors maintain that the astringents contract 
the vessels by direct action on their coats, or lessen secretion by direct 
action on the secretory cells, but these statements are not satisfactorily 
established, and the changes may be the indirect results^ of the pro- 
tection afforded to the surface cells. ^Vhcn irritation is induced, the 
vessels of course dilate, and congestion and exudation follow. 
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Many of the metallic salts are powerful disinfectants, partly no 
doubt from their coagulating the proteins of the' microbes, but also 
from a specific poisonous action on them, which is quite distinct from 
their precipitating action. As a general rule the disinfectant power 
varies with the degree of dissociation of the salt, that is, with the number 
of metallic ions present in the solutions, although the undissociated 
molecule also seems to have some influence, and a salt which is disso- 
ciated with difficulty may in some instances make up for this drawback 
by the more intense toxicity of the metal. The most widely used 
metallic antiseptics are the mercurial salts, but silver, copper, zinc and 
other metals are also used as antiseptics. ’ 

Almost incredibly small quantities of some of the metals have been 
found to be rapidly fatal to some of the alga;, the bacteria, and the 
infusoria. Thus one part of the pcrchloride of mercury in one million 
parts of water kills spirogyra, one of the simpler alga;, and water dis- 
tilled from copper vessels or in which small pieces of copper foil have 
been suspended is rapidly destructive to many lower organisms. Silver 
is less active and lead still less so. The amount of copper in the solution 
is too small to be recognized by any chemical test. This so-called 
„ “oligodynamic” action of metals, which was first obtained by Naegeli, 
and which has been confirmed by other observers, indicates that Certain 
lower organisms are much more sensitive to the action of copper, and 
probably of other metals, than the more highly organized plants and 
animals. 

The salts of the heavy metals are often only slowly Absorbed. Mer- 
cury is again an exception, but even mercury docs not induce general 
symptoms until many hours after its administration. The other metals 
’ given by the mouth pass through the alimentary canal for the most 
part unabsorbed, but it seems probable that a small proportion of 
most of the metals finds its way into the blood. At the same time there 
is no question that the great proportion of most of the metals passes 
' through unabsorbed, and is devoid of any effect except from its local 
action. Little is known regarding the form in which the metals are 
absorbed, but it is not unlikely that they are taken up in insoluble 
forms by the leucocytes and thus carried into the tissues. Iron seems 
to be the only metal which is absorbed intracellularly. When there is 
any lesion of the stomach and intestine, and particularly when the 
salt itself induces irritation and congestion, much more of the metal is 
taken up than by the normal epithelium. But even in the most favor- 
able circumstances little of the metal is absorbed, and in acute poisoning 
the symptoms arise from the local irritation and corrosion and only to 
a smaller extent from the general action. 

If the absorption of the metals is slow, their Excretion progresses 
even more gradually, and repeated administration leads to their ac- 
cumulation in the tissues and thus to chronic poisoning. The metal 
seems to leave the blood very rapidly, and to become stored up in various 
organs, chiefly the liver, to a less extent the spleen, kidney, and bone 
marrow. While some of the metal is deposited in the liver and other 
organs, another part is excreted, for the most part along the alimentary 
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tract Thus it is found in the saliva and the secretions of the stomach 
and small intestine and, to a much larger extent, in the cecum and 
in the large bond; in some cases the excretion is limited to the large 
bovrcl, a strict line of demarcation being formed by the ileo-cecal valve, 
A comparatively small amount escapes with the urine except in the case 
of mercury. Some metals have been detected in \ery small qimntitj 
in the milk, and there is reason to suppose that traces are eliminated 
by tire other cutaneous secretions. 

The General Action of the heavy metals in man is often elicited 
only by their prolonged ingestion, but it has been studied in animals 
by the intratenous or subcutaneous injection of such preparation* as 
the double salts, which do not precipitate the proteins and slovdv liberate 
the metal or its oxide. The ordinary baits cannot be mod, because the 
precipitated albumin of the blood causes embolism, and tins obscures 
the symptoms. The symptoms of acute metallic poisoning elicited 
thus in animals generally resemble fairly closely those of chrome poison- 
ing in man. 

Even when the heavy metals are injected into the blood in consider- 
able quantity, the symptom* arc often late in appearing, in the ca-e of 
aluminum only after several da> s, so that the slow ne*s of the ahsorp- 
'—'"‘-•tion from the intestine is not the only factor in the delay in the onset 
, of the intoxication. 

The general symptoms of metallic poisoning, as distinguished from 
those due to the local action at the point of application, art-e chiefly 
from the central nervous system, and from the excretory passages— 
the alimentary canal ami the hid my . Metallic poixming always, 
induces disturbance of the Stomach end Intestine, mam/ested by Joss of 
appetite, pain and discomfort in the abdomen, nausea, vomiting, and 
purging. In some case* no lesion of the canal is observed post mortem, 
but in the great majority mngestion and swelling of the mu n>u.s mem- 
branes of the stomach and intestine nrc ’-ecu. or the whole surface iua> 
he covered b\ a diphtheritic membrane ixmijHi'cd of netrosed c<!I* and 
inflammatory exudate. Heiirath this, hemorrhages <x-tnr. and if the 
animal lives long enough, uUxts are formed. m« that the whole «imditin» 
can scarcely be distinguished from that of dj senterx Some metal* 
act Strongly on the mouth and induce salivation, which is one of the 
earliest features of tncmirx jxdsomng The lining membrane of the 
mouth becomes coiigc-ted mid inflamed, and numerous shallow i fleers 
arc formed in it. 

The heavy metal - thus serin to have a ?pcrifir action along the 
alimentary tract quite indept mleut of the h*ral action imhurd when 
they are swallow oh and app-irenth nri-mg from their excretion along 
it. One or two metals, notabh lead, came cotMipation and mite win » 
they arc ah<orl ol into the bhxd. but under ecHain rinrui»«t.*iwv* thrv 
too induce purgation 

Another organ which suffer? from the ri nidation of me tab in the 
Idood is the Xfdnej. C’omj«rat>xeix little c*f the metal is tv rend in 
the urine, but it tx found that tw>*t of thi- c!a*< arts as dhmtin in 
mall quantities. Somewhat larger do'cs irritate the renal qnthehum. 
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and albumin appears in the urine, along with casts, and, in severe cases, 
blood cells and hemoglobin. If this irritation of the secretory cells be 
long continued, it sets up a secondary inflammation of the interstitial 
tissue, and cirrhosis of the kidney results. 

The Circulation is differently affected by different metal3. The 
heart is often weakened only in the last stages, and it is impossible to 
determine how far its failure is due to direct action, and how far to 
the disorder of the nutrition. The blood-pressure invariably falls 
toward the fatal issue of the intoxication, and as a general rule, a slow 
fall is observed from the beginning. This fall in blood-pressure may 
doubtless be induced by different factors in the different forms of intoxi- 
cation, but there is no question that it is partly due to the dilatation 
of the vessels of the intestines and stomach from the inflammation of 
these organs. In acute general poisoning in animals, many of the 
metals cause a great fall of blood-pressure, which is ascribed to their 
paralyzing the walls of the capillaries. 

The general malnutrition from the gastro-intestinal action renders it 
impossible to determine whether the metals alter the metabolism of the 
body through directly affecting the cells, but it is not improbable that 
this is the case, for the loss of weight is often too rapid to be explained 
by the starvation alone. 

The Central Nervous System is always affected more or less by the 
presence of the metals in the blood. As a general rule, the symptoms 
are a mixture of those of stimulation of certain divisions with those of 
paralysis of others. Several metals induce disturbance of the psychical 
centers, manifested in delirium, hallucinations and mania, or in stupor 
and coma. Convulsions of all forms indicate that the motor areas of 
the brain, the basal ganglia and the spinal cord are affected; thus 
epileptiform convulsions, chorea, clonic and tonic spasms occur from 
metallic poisoning. In several instances actual lesions of the brain cells 
have been shown to be caused by the ingestion of the metals. They 
often cause general weakness, or paresis of certain groups of muscles, 
and in addition to their specific action on the nervous centers, they may 
induce peripheral neuritis (lead). 

Therapeutic Uses.— In therapeutics only mercury and iron are largely 1 
employed for their effects after absorption, while the others have al 
more or less extensive use for their local effects -as astringents, irritants,'! 
caustics or styptics. Iron is not prescribed for its general action on j 
the organs, but to supply the place of food-iron in the formation of 
hemoglobin. Mercury is used for its specific effect in syphilis, and some 
of its preparations are diuretics. 

Metallic compounds are widely used by local application as astrin- 
’ gents and antiseptics. Their yarious uses for these purposes will be 
considered under individual metals. 

In regard to the arrangement of the metals, no strictly scientific order 
is perhaps possible yet. ^ Iron will be considered first, as it stands in a 
class by itself owing to its physiological importance. Copper, zinc and 
aluminum resemble one another in being used therapeutically mainly 
for external application or as emetics. Lead and silver have close simi- 
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larities in their local actions and to some extent in their liability to pro- 
duce chronic poisoning. By leaving mercury to the last of the more 
important heavy metals, the trypanocidal remedies, mercury, bismuth, 
antimony and arsenic are brought into juxtaposition. 

x. iron 

Iron is essential to the life of many, probably all, forms of protoplasm. 
In the vertebrates most of the iron is contained in the hemoglobin of 
the blood, a fact which, until recent years, has tended to obscure the 
importance of it in other tissues. Apart from the hemoglobin in the 
circulnting^red blood corpuscles, iron occurs not only in the organs 
concerned with the formation and destruction of red cells hut in the 
tissues .generally.. The iron found in the blood plasma is concerned 
witiT the transport of this element through the body. Traces of iron 
exert a marked catalytic activity upon biological oxidations and con- 
stitute an essential part of the oxidases and other enzyme systems. 
'Cytochrome, which may play an important part in oxidative processes, 
contains iron. From its presence both in hemoglobin and in other com- 
pounds, iron appears to play a part of the first importance in the oxida- 
tive processes of the body. In the invertebrates, in many of which 
no corresponding compound exists in the blood, considerable amounts 
of iron arc found in the tissues, and there is no question that through- 
out the animal kingdom iron is essentia! to living matter, quite apart 
from its special relation to the blood in the vertebrates. It is nbo 
necessary for the development of the lower vegetable forms, and in its 
absence the higher plants fail to form chloropln II, although iron is not 
actually contained in the latter, as it is in hemoglobin. 

The iron combinations vary in the readiness with which they liberate 
the iron ion and therefore in the facility with which they react with 
such reagents ns ammonium sulfide or potassium ferrncyniiide, the 
more dissociable salts, such as the chloride or acetate, arc sometimes 
known as "inorganic iron" while compounds such ns hemoglobin, which 
3o not dissociate the iron ion, arc termed masked or “organic" iron; 
between these two extremes there lie mairy intermediate forms, which 
react slowly to the sulfides and other tests. 

The dissociable iron salts precipitate proteins from solution and thus 
^cFEThs trmgcnts or irritants according to the concentration in which 
they arc applied; hut iron has no 5{>ccific jwismious action cm li%ing 
matter such as is possessed by mercury or antimony, and the irritation 
induced by such salts as the t^rcliloride nri"Os from the nrid constituent 
and not from the metal. The lev* dissociable compounds, Mich n< tlir 
double salts and "organic" iron, do not precipitate protein", and are 
therefore neither irritant nor astringent ns long ns they maintain tin ir 
original form am! arc not decomposed into simple salts. 

rhsraueoloflcal Actions. -Inorganic iron compounds, f .f which the 
perchloride may 1* taken as n tjpc, have an astringent, metallic, or 
often nod taste, but in ordinary doses indurc no further symptoms 
If swallowed in large quantities, they cause pain and uneasiness in the 
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stomach, nausea, vomiting and often purging, with all the ordinary 
symptoms of acute gastro-infcstinal irritation. General weakness and 
even collapse may be induced, but arc manifestly secondary to the 
gastric and intestinal effects, and no symptoms which can in any way be 
attributed to the absorption of iron have been observed in either man 
or animals. 

The prolonged use of inorganic iron is frequently followed by some 
dyspepsia and by constipation and colic, which arc obviously due to 
the continued astringent action on the stomach and bowel. Other 
symptoms observed occasionally arc blackness of_the teeth "and tender- 
ness in tire gums, which may be due to the acid contained in many 
iron preparations; the blackening of the teeth has been supposed to be 
due to the tannic acid of the food precipitating the inky black tannate 
of iron, or to the sulfide of iron being formed by the action of the hydro- 
gen sulfide present in carious teeth. 

The General Action of iron is obtained only by the ^intravenous inje ctio n of 
double salts, such as the tartrate of iron and sodium, which do not" coagulate 

the blood and i ‘ 41 * i: — ~ fining the iron ion in the tissues. 

Such salts as 1 i the other hand, leave the 

body unchangi , so that no iron symptoms 

are induced. In mammals the symptoms of iron poisoning are often very late 
in appearing, and begin with some acceleration of the breathing, which later 
becomes slow and dyspneic; vomiting and diarrhea often follow and blood is 
sometimes seen in the evacuations of the stomach and bowel. Increasing weak- 
ness is followed by central paralysis and death, accompanied by weak convulsive 
movements The heart seems little affected. Post mortem, the mucous* mem- 
branes of the stomach and intestine arc swollen and congested, and often con- 
tain numerous small blood extravasations. Repeated injection of small quanti- 
ties of the citrate of iron induces congestion of the kidney and the appearance 
of casts and albumin in the urine. 

Amount and Distribution of Iron in the Body.— An approximate estimate 
of the total amount of iron in the body can be obtained in the following 
way. Assuming the blood volume to be one-twelfth of the body weight, 
an adult man weighing 70 kilograms will possess 5.8 liters of blood. 
Of that blood, hemoglobin forms about 15.6 per cent, which would make 
the total amount of hemoglobin in the blood to be about 900 grams. Since 
the iron content of hemoglobin is 0.335 per cent, the total blood would, 
therefore, contain about 3 grams of iron. As only about two-thirds of 
the total iron in the body is contained in the hemoglobin, the total iron 
1 content of the body would be about 4.5_grains. In spite of its great 
physiological importance irftEelmdy, the total amount of iron is small, 
comprising only jbout_0 .006 per cent of t he body weig ht. 

Human plasma contains about 0 050 to 0.180 mg. of iron per 100_cc.„ 
This may be increased in pernicious anemia and decreased during periods 
of active regeneration of the erythrocytes. Muscle hemoglobin con- 
tains about 7 per cent of the total iron in the body. This iron as well as 
the so-called parenchyma iron of the tissues is not available for hemato- 
poiesis. On the other hand, the iron which is stored in the reticulo- 
endothelial cells of the liver, spleen, kidney and bone'marrow is trans- 
— formed into hemoglobin as needed. 



Iron in the Food, —Apart from the endowrnentof iron which the child 
receiyes_at b|rth f all the iron in the body must be derived from the food. 
And as the proportion of iron to the body weight, especially after the 
first year of life, remains under normal conditions of health remarkably 
constant, it is cleartbat iron must be absorbed from the food in amounts 
sufficient to keep pace with growth. Plants take up iron from the soil 
and build it up into highly complex organic compounds. All natural 
vegetable foods contain more or less iron. Parsley, watercress, spinach 
and beans contain relatively high amounts; potatoes, wheat and most 
fruits contain relatively little. Animals derive their iron from the 
complex iron compounds of vegetables, and animal tissues contain iron 
in varying amounts. Liver, spleen, and kidney contain a relatively high 
percentage of iron, muscle contains less. Milk contains about 1 mg. 
per liter. The daily intake of iron in the food varies from 10. to 80 mg. 

The iron in the food is required chiefly for the formation of hemo- 
globin. Red blood corpuscles are continually being removed from circu- 
lating blood and destroyed while new red cells, made in the bone 
marrow, replace them. The iron necessary for this formation of new 
hemoglobin is derived m small part only (about 10 per cent) from the 
food; the remainder is obtained from the iron derived from the destroyed 
hemoglobin which is retained by the tissues, particularly by the reticulo- 
endothelial system. 

The daily iron requirement of art adult male is about 5 to 8 jng 
Women may require two or three times this amount to compensate foi 
the loss of iron in the menstrual blood. During pregnancy also their , 
requirement is about 20 mg. daily. 

~ Absorption and Excretion —Iron m the food exists as more or less 
complex organic compounds, winch do not give the reactions of free 
iron ions. Apart from occasional traces of iron in drinking water, the 
iron in the diet consists entirely of non-ionizablc iron The large 
molecular compounds containing iron 'which arc present in the food 
have to be reduced by digestive processes into smaller anti more diffus- 
ible molecules before they can be absorbed. 

Though at one time it waa suggested that iron can only be absorbed 
tn organic combination and not as inorganic ionized compounds, recent 
investigations have proved conclusively that inorganic iron compounds 
can be readily absorbed Indeed, it i> now believed that even the food 
iron may first liavc to be changed into ionized iron before it can be 
absorbed. 

The site of absorption of iron from the alimentary canal has been 
determined by histological methods, reagents being used which color 
most forms of iron but lca\ r the hemoglobin unaffected. When animals 
are given iron preparations, ami are then killed and the mucous mem- 
brane stained by these reagents, the mucous membrane of the stomach 
and of the greater part of the small intestine gives no coloration, but 
the epithelium of the duodenum and of the upper part uf the-jejuumn 
(the contents of which are acid m reaction) is found to contain numerous 
granules of iron. In the more distant parts of the intestine where the 
reaction becomes neutral or alkaline, the iron forms insoluble phosphates. 
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carbonates or more complex salts, which are not absorbed. When there 
is very little iron in the food, the body is extraordinarily conservative 
of its iron and picks up the slightest traces of iron from the food. On 
the other hand, if excessive amounts of iron are given in the food, and 
provided that this does not damage the intestinal epithelium, the in- 
testine ’Soon ceases to absorb it. There must, therefore, be some mechan- 
ism which regulates the absorption of iron in accordance with the needs 
of the body, and the suggestion is that, when the body is plentifully, 
supplied with iron, the epithelial cells of the intestine share in the rich- 
ness and fail to absorb iron; but when the body is poorly supplied, these 
cells, being also deficient in iron, absorb the metal more readily. While 
during growtli or in iron deficiency, iron may be rapidly absorbed, in 
the adult, only minute traces of iron are taken up from the food, the 
iron obtained from the destruction of red blood corpuscles being used 
,/over again for the formation of new hemoglobin. 

The amount of iron normally excreted in the urine is negligible, most 
of it being excreted in the feces which normally contains 10 to 50_mg. 
of iron daily. It was formerly believed that iron was excreted from the' 
body through the colon, but the validity of this view is now questioned. 
The iron appearing in the feces represents that portion of the iron in 
the food which has escaped absorption. The iron conte nt tftiiejbody' 
is regulated apparently by control of its'absorpfion Jrather than its 
excretion. 

Fate o! Iron in the Body.— Iron absorbed from the food probably 
undergoes changes in the intestinal epithelium, and the resulting com- 
binations are given off gradually into the blood, and taken up by the 
liver. Blood destruction takes place principally in the spleen and the 
iron containing compounds derived from hemoglobin are given off 
gradually from the spleen and taken up and stored in the liver. From 
this organ iron compounds are again given up to the blood and utilized 
over again by the bone-marrow in the formation, of hemoglobin of^ 
new cells. The store of iron in the liver, spleen and other tissues can be 
mobilized when necessary to form hemoglobin. 

To sum lip the main facts of iron metabolism, so far as they are known, 
iron occurs in the food in the form of more or less complex organic^ 
compounds which have to be disintegrated into smaller molecules, 
possibly even to inorganic compounds, by the digestive processes before 
they can be absorbed. The value of a particular food as a source of iron 
depends upon its iron content and upon the ease with which it can be 
disintegrated. These simpler compounds, as well as iron salts like ferrous 
chloride, are taken up by the epithelial cells of the upper part of the 
small intestine, probably as ferrous ions. They are then gradually 
given off into the blood and stored in the liver and spleen. The fate of 
iron compounds liberated from the liver and spleen into the blood 
depends upon the needs of the body. What iron is required for the 
formation of the hemoglobin is taken up by the bone marrow. The 
body readily absorbs iron when necessary, e. g., during growth. In the 
. healthy adult, however, under normal conditions, only minute amounts 
of iron are absorbed and excreted; practically all the iron liberated by 
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the breakdown of hemoglobin is retained in the body and used over 
again for the manufacture of hemoglobin. 

Iron in Experimental Anemias. —A large number of observations have 
been made on animals rendered anemic in various ways with a view 
to observing the factors concerned in blood regeneration and the best 
methods of treatment of anemias. The use of labeled (radioactive) iron 
has been particularly useful in following the' course of iron through the 
body and its role in crythropoiesis. By the use of iron-poor diets in rats 
it has also been shown that copper and possibly other heavy metals are 
also essential for hemoglobin formation. However, it is now agreed 
that the results obtained from the study of experimental anemias in the 
lower animals can only be tentatively applied to the treatment of 
anemia in man. Thus most patients with hypochromic anemia seem to 
require no added copper hut in certain cases, particularly in infants, the 
addittbiToTcopper along with iron seems to lead to, greater increases in 
the hemoglobin level than is the case_without the added -Copper. In 
experimental animairalso there is little obvious distinction between 
the effects of ferrous and ferric iron on the rate of its utilization. On 
the other hand, in the human, experiments, in which labeled (radioactive) 
iron was administered, have demonstrated that ferrous iron is more 
readily absorbed than is ferrie iron. 

Therapeutic Uses.— It is convenient to consider, first, the diseases in 
which iron is of value and, second, the best methods of administering it. 

Iron is generally useful, and often strikingly successful, in the treat- 
ment of all forms of hypochromic microcytic anemia with the exception 
of Mediterranean or Cooley's anemia. Such anemia is characterized by a 
low he moglobin con tcnt-oLthcjcd cells, nn abnormally small cell and a 
diminished color jndex. It is encountered in conditions where the 
intake of iron lias been deficient, where there has been an excessive 
loss of iron as in hemorrhage or excessive menstrual flow, in infancy and 
pregnancy where the demand for hemoglobin is increased, in hookworm 
disense, in the so-called idiopathic hypochromic anemia and in chlorosis. 
Until recent years iron found its chief sphere of utility in the treatment 
of chlorosis t in which its reputation is attested by the old saying, “qnt 
nescifMflrtem, nescit artem,” a survival of the astrological association 
of iron with the planet Mars. Owing to more hygienic methods of 
living and more judicious dieting, chlorosis has become nn increasingly 
rare disease in nearly all countries during the last quarter of a century. 
Chlorosis is characterized by a relatively slight reduction in the number 
of red cells but by a marked reduction in the amount of hemoglobin h)S 
each. The effects of iron arc seen in an increase of the hemoglobin in 
the blood, while the number of corpuscles may also show a considerable 
increase. A number of symptoms which are secondary to chlorosis, 
ami which arc often more prominent than the .original disease, arc also 
relieved or entirely removed bv iron. Thus gasjne^catarrb, amenorrhea, 
breathlessness or edema may disappear under it, hut in these cases the 
improvement is due to the increased hemoglobin and not to the direct 
action on the stomach, uterus or the circulation. Many cases of chlorosis 
recover without inorganic iron under hygienic conditions, such as rest, 
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and particularly when foods rich in iron arc prescribed, this being 
exactly what is to be expected on the theory that inorganic iron merely • 
takes the place of the deficient food-iron. 

The effects of iron therapy in other forms ofjiypochromic microcytic 
anemia are as dramatic as in chlorosis. About the fifth to tenth day J 
after the institution of iron therapy, there is an increase in the reticulo- 
cytes and the hemoglobin content and red cell count increase. The 
hemoglobin regeneration after an initial lag of several days may con- 
tinue at a rate of 0.25 gram per day until normal values arc approached 
when the rate of regeneration becomes slowed. Administration of iron 
to a normal individual docs not stimulate the production of hemoglobin 
since the metal has no effect on crythropoicsis but merely sup'plies an 
essential element for the hemoglobin molecule. 

Symptomatic improvement accompanies the increase in hemoglobin 
content which follows the administration of iron. The appetite im- 
proves, strength is regained, the skin resumes its normal color and 
resiliency, the papilla; of the tongue arc restored, the enlarged spleen 
recedes to its normal size and the brittle concave nails are replaced by 
normal structures. 

. The therapeutic response to adequate doses of inorganic iron is much 
more rapid than that observed when the diet alone is depended upon 
to supply the deficiency of iron. This difference in the effects of the 
iron of the food and of the inorganic preparations may be due to the 
fact that food-iron is always accompanied by a large amount of colloid 
material, which may materially delay its absorption, while inorganic 
iron, on the other hand, is much less completely enveloped and may be 
more easily absorbed. In addition, the iron preparations are given in 
much larger amounts than the food-iron. When 10 rag. of_ food-iron__ 
are taken per day, only a small proportion (e. g., 5 mg.) may be absorbed,-, 
and this may be insufficient to supply the needs of the body,_but if 
some hundreds of milligrams of inorganic iron be added, the pr oportion 
absorbed will be amply sufficient. The same effect might be obtained 
by the same amount of food-iron, but this is only to be obtained by 
giving more food than can be digested. 

Administration of Iron.— Iron has been administered in a great variety 
of combinations but it is highly probable that in the near future the 
number of iron preparations will be drastically reduced. The prepara- 
tions most commonly employed are (1) metallic or elementary ironj (2) 
ferrous salts such as ferrous carbonate, sulfate, lactate, gluconate, or 
iodide; (3) ferric salts, such as ferric chloride and (4) complex com- 
pounds such as iron and ammonium citrate. 

Complex organic preparations, such as albuminates or hemoglobin 
itself, have not proved so effective as inorganic iron either in experi- 
mental or human anemias. Probably the larger molecules must be 
broken down by the digestive juices before absorption, and as sources 
of iron they do not seem to provide a short cut to hemoglobin formation. 
Soluble ferric salts are more astringent and irritant than the correspond- 
ing ferrous salts. They are more liable to produce dyspepsia and consti- 
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pation and moreover they must probably be reduced to ferrous com- 
pounds before they are absorbed. Though they will act efficiently, 
they, po ssess d isadvantages ..compared, with ferrous salts, and .clinical 
opinion lias steadil y^ show n a preference for ferrous salts. This prefer- 
ence, as aireadyindicated, is supported by the recent work which has 
shown that ferrous salts are more readily utilized in the human than are 
the corresponding ferric salts. 

The most popular iron salt used in the treatment of anemia is ferrous 
sulfate,, which is prescribed in the form of coated tablets. Ferrous 
lactate and glucon ate a re jess apt to produce gastrointestinal irritation 
and may be used instead of the sulfate. Ferrous carbonate is the active 
constituent of the classic Blaud's pills introduced by Pierre Bland in 
1831 and prepared by mixing ferrous .sulfate .and potassium carbonate. 
Ferrous carbonate is unstable, being slowly transformed into ferric 
hydroxide. Oxidation is to a certain extent prevented by the addition 
of sugar as in the Ferri Carbonas Saocharatus. In Pilula Ferri Car- 
bonatis. ferrpus^carbonate is'form^lhThe pill mass ami is to a con- 
siderable extent thus prevented from oxidation.- Being insoluble, the 
carbonate is less irritant to the stomach, where it is converted into the 
soluble_.c hioride. The fact that it has to he converted into a soluble 
chloride before absorption suggests that it would he less effective in 
anemias complicated by achlorhydria, though even then it may be 
rendered soluble by organic acids in the stomach. 

The same remarks apply to reduced iron, which consists mainly of 
metallic iron with a varying amount of iron oxide. It is partly converted 
in the stomach into ferrous chloride, a conversion which is necessary 
for absorption. 

As iron is absorbed in the form of ferrous chloride and as this salt 
undergoes no change in the stomach, it is also a suitable salt for admin- 
istration. It may be prepared in syrup and administered in milk and 
is a useful preparation for infants. The double salts of Iron, such as the 
Ferri et Ammo nh C ltras.. are soluble but do not give free icon ions. 
They are tKerefore not astringent -or irritating and do not disturb diges- 
tion. They are effective in anemia if given in sufficient doses. 

Iron in the form of the green ( ferrous } iron and ammonium citrate 
may be given b y intramuscular inj ection in doses of 0.06 gram two or 
three ti mes daily. However, tEisroute of administration is potentially 
harmfuTand is justified only on the rarest occasions. 

The salts of ferric iron arc also employed externally as^styptics, The 
perchloride may be used for this purpose and acts by precipitating the 
proteins of the blood and thus obstructing the flow of blood from the 
wounded vessel. This treatment i3 of value only for oozing from capil- 
laries or small arterioles and iron must be brought into immediate 
contact with the bleeding point. The tincture of ferric chloride is used - 
as an astringent for application to the throat. 

Dosage,— In the treatment of hypochromic anemia, doses of the 
various preparations of iron must be used which axe exceptionally large 
considering the fact that there is less than 5 grams of iron in the entire 
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body. In moderately severe anemia the following amounts of the 
various compounds are administered in divided doses daily: 


Daily dose in crams 


Preparation 

, Adults 

Infants 

Reduced iron . 

2-6 


Ferrous sulfate 

1-2 

0.4 

Iron ammonium citrate 

_ 4-8—. — 

0-6- 

Ferrous carbonate 

2-4 


Ferrous chloride 

0.5-1 

0 2 


The larger doses cited in the above table are indicated in cases of 
chronic anemia with achlorhydria. When the anemia is due to chronic 
blood loss and when gastric secretion is normal, smaller amounts are 
effective. 

Iron salts should be administered shortly after meals to reduce gastric 
irritation. A tolerance may be induced by starting with a small dose 
J and gradually increasing it. 

For prophylactic purposes, as in pregnancy, smaller doses than are 
indicated in anemia suffice. In patients with chronic anemia the 
administration of small doses (0.2 gram ferrous s ulfate daily) may have 
to be continued after the blood has been restored to normal, xy 


Preparations 
U. S. P. 

Ferri et Ammonii Citrates, thin garnet-red scales with a salt, iron taste, 
soluble in water and containing 17 per cent of iron. Dose, 1 g ram. 

Ferri et Ammonii Citrates Virides; contains nboutloper cent of Fe. Dose 
by intramuscular injection 0.06 gram. 

Ferri Sulfas, ferrous sulfate (FeSO«.7HjO), large, pale, bluish-green crystals 
with a saline, astringent taste, soluble in water, insoluble in alcohol, and unstable , 
in moist air. Dose, 0.3 gram. 

The sulfate of iron is very astringent, though less so than the ferric salts. ' 

Ferri Sulfas Exsiccatub, exsiccated ferrous sulfate, a grayish white powder 
containing not less than 80 per cent of anhydrous FeSO<. Dose, 0 2 gram. 

Ferrum Reductum, reduced iron, a very fine, grayish-black, lusterless 
powder, without * 1 1 ’ * * ol, soluble in acid. It consists 

of metallic iron, ’ ■ Dose, 0.5 gram. 

Piluue Ferr ■ ■ ■ lalybeate pills, Blaud’s pills, 

are prepared by me action oi lerrous sunnte and carbonate of potash with the 
addition of sugar, althea, tragacanth, and glycerin. Each pill contains not less 
than 60 mg. of FeCO a . Dose, 5 pills. 


Ferri Cardonas Sacciiaratus, an olive-brown, slightly hygroscopic powder, 
partially soluble in water and containing not less than .‘i per cent of FeCO». 
Dose, 0.6 to 2 grams. 

Ferri et Ammonii Citras, dark-red transparent scales, with an astringent 
taste, deliquescent in moist air, freely soluble in water. Contains about 21 per 
cent of iron. Dose, 1.3 to 2.6 

Ferri et vine Cite eenish-yellow scales, with a bitter, chaly- 

„ freely soluble in water. Contains about 

V. \° ut 13 per ccnt ° f ir0n * Dosc « 0 3 t0 


beate ta 
15 per 
1 gram 
Ferr 
gent tas 
Ferri 
Ferri 


cent ' 
rous 


iC 
c in 
U.» 


powder with an acid astrin- 
3 gram, 
am. 

3 to 02 gram. 
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Ferrum, metallic iron.' 

Ferrum Redactum, a fine grayish-black powder, insoluble in water, and 
containing not less than 80 per cent of metallic iron Dose, 0 06 to 0.6 gram. 
Liquor Ferri Perchloridi, contains 15 per cent of FeCI*. Dose, 0 3 to 1 mil. 
p t-> -i ' ” ' syrup and flavoring 

age 

F . * * „ . . as sulfate and sodium 

carbonate, with tragacanth, -acacia and liquid glucose as excipients. Dose, 
0.3 to 2 grams. 

Cvn—TiT’c UVir,T>T — C x .t r<. r -r, m » " 

ta 

(30 to 120 mm.). 

Syrupus Ferri Piiosphatis Cum Quinina et Strychnina, Easton’s syrup, 
00 min. contain about f gr. of iron, t gr. of quinine sulfate and oV gr. of strych- 
nine hydrochloride. Dose, 2 to 4 mil. (30 to 60 min.), 

Syrupus Ferri Phosphatis cum Strychnina, syrup of ferrous phosphate 
w ith strychnine, Easton's syrup without quinine. Dose, 2 to 4 mils. 
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n. COPPER 

Copper seldom gives rise to poisoning, and has been less frequently 
used in medicine than many of the other heavy' metals, though recent 
researches have indicated that it may have a use in the treatment of 
certain anemias. The soluble salts precipitate proteins from solution, 
and are therefore astringent when applied to the mucous membranes 
and to wounded surfaces. In larger quantities they are somewhat 
irritant and corrosive, although less so than mercury. 

Symptoms.— -The copper salts have a harsh, metallic, astringent taste, 
and when swallowed in some quantity cause nausea, salivation, and 
vomiting. The most of the salt is thus removed, and no further symp- 
toms are observed. Large quantities, however, induce corrosion of the 
walls of the stomach and intestine, and give rise to violent vomiting 
and purging, the copper giving a blue or green color to the vomited 
matter and the stools, and blood appearing in them later from the 
corrosion of the mucous membrane. Violent pain in the abdomen is 
complained of, and the usual symptoms of acute corroshe poisoning 
may’ follow: collapse, "with weak pulse and respiration, headache, 
giddiness, unconsciousness, delirium, coma, convulsions, and paralysis. 
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body. In moderately severe anemia the following amounts of the 
various compounds are administered in divided doses daily: 


Preparation 
Reduced iron . 

' Ferrous sulfate 
Iron ammonium citrate , 
Ferrous carbonate 
Ferrous chloride 


Daily dose in giams 
Adults Infanta 

. ’ 2-6 

1- 2 0 4 

_ 4-8 0.6- 

2- 4 

06-1 02 


The larger doses cited in the above table are indicated in cases of 
chronic anemia with achlorhydria. When the anemia is due to chronic 
blood loss and when gastric secretion is normal, smaller amounts are 
effective. 

Iron salts should be administered shortly after meals to reduce gastric 
irritation. A tolerance may be induced by starting with a small dose 
J and gradually increasing it. 

For prophylactic purposes, as in pregnancy, smaller doses than are 
indicated in anemia suffice. In patients with chronic anemia the 
administration of small doses (0.2 gram ferrous s ulfate daily) may have 
to be continued after the blood has been restored to normal, n/ 


Preparations 
U. S. P. 

- Ferri et Ammoxii Citrates, thin garnet-red scales with a salt, iron taste, 
soluble in water and containing 17 per cent of iron. Dose. 1 gram. 

Ferri et Ammonii Citrates Viripes; contains abouflJfper cent of Fe. Dose 
by intramuscular injection 0.06 gram. 

Ferri Sulfas, ferrous sulfate (FcSC>4.7HjO), large, pale, bluish-green crystals 
with a saline, astringent taste, soluble in water, insoluble in alcohol, and unstable , 
in moist air. Dose, 0.3 gram. 

The sulfate of iron is very astringent, though less so than the ferric salts. ' 

Ferri Sulfas Exsiccatus, exsiccated ferrous sulfate, a grayish white powder 
containing not less than 80 per cent of anhydrous FeS0 4 . Dose, 0.2 gram. 

Ferrum Reductum, reduced iron, a very fine, grayish-black, lusterless 
powder, without taste, insoluble in water or alcohol, soluble in acid. It consists 
of metallic iron, with a small amount of the oxide. Dose, 0.5 gram. 

PiLULiE Ferri Carbonatis, ferruginous or chalybeate pills, B laud’s pills, 
are prepared by the action of ferrous sulfate and carbonate of potash with the 
addition of sugar, althea, tragacanth, and glycerin. Each pill contains not less 
than 60 mg of FeCOj Dose, 5 pills. 

B. P. 

Ferri Carbonas Saccharatus, an olive-brown, slightly hygroscopic powder, 
partially soluble in water and containing not less than per cent of FcCOj. 
Dose, 0 6 to 2 grams 

Ferri et Ammonii Citras, dark-red transparent scales, with an astringent 
taste, deliquescent in moist air, freely soluble in water. Contains about 21 per 
cent of iron Dose, 1.3 to 2.6 gram. 

Ferri et Quinina: Citras, thin, greenish-yellow scales, with a bitter, chaly- 
beate taste, deliquescent in moist air, freely soluble in water. Contains about 
15 per cent of anhydrous quinine and about 13 per cent of iron. Dose, 0.3 to 
1 gram. 

Ferri Succrloribum Citratum, a buff-colored powder with an acid astrin- 
gent taste, freely soluble in water Dose, 0.2 to 0.3 gram. 

Ferri Sulphas, as in U. S. P. Dose, 0.06 to 0.3 gram. 

Ferri Sulphas Exsiccatus, as in U.S P. Dose, 0.03 to 0.2 gram 
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Femwku, metallic iron. 

Feihujsa Red actum, a fine grayish-blacfc powder, insoluble m water, and 
containing not less than SO per cent of metallic iron Doee, 0.00 to 0.0 pram 
Liquor Ferri Perculoium, contains 15 per cent of FcCh. Dose, 0.3 to 1 mil 
Fine la Aloes et Fejuw, contains ferrous sulfate, aloes, syrup and flavoring 
agents. Dose, 0.25 to 0.5 gram. 

I'ilula Ferri Cardosatis, prepared by action of ferrous sulfate and sodium 
carbonate, with tragaennth, acacijt and liquid glucose as excipients Dose, 
0,3 to 2 grams. 

SYnurua Fetuu Iqdidi, contains 5 per cent of Fclj Dose, 2 to 8 mil. 
Syiuh-os Feum Phosphatis Comi-ositus, Parrish’s food, cliemical food, con- 
tains phosphates of iron, calcium, sodium and potassium Dose, 2 to S mil 
(30 to 120 min.}. 

Srnurua Fetm P/tosrruTia Gust Qumiju et Strvciikika, Easton’s syrup, 
00 min. contain about \ gjr. of iron, j gr. of quinine Eulfate and s'* gr of $tr> ca- 
nine hydrochloride. Dose, 2 to 4 md (30 to 00 mm ). 

Srcurcs Ferri Pnosnurrs oust Strvckma-a, gjrup of ferrous phosphate 
With strychnine, Easton’s syrup without quinine. Do<e, 2 to 4 mils 
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n. COPPER 

Copper seldom gives rise to poisoning, and has been less frequently 
used in medicine than many of the other heavy metals, though recent 
researches have indicated that it may have a use in the treatment of 
certain anemias. The soluble salts precipitate proteins from solution, 
and are therefore astringent when applied to the mucous membranes 
and to wounded surfaces. In larger quantities they are somewhat 
irritant and corrosive, although less so than mercury. 

Symptoms.— The copper salts have a harsh, metallic, astringent taste, 
and when swallowed in some quantity cause nausea, salivation, and 
vomiting. The most of the salt is thus removed, and no further symp- 
toms are observed. Large quantities, however, induce corrosion of the 
walls of the stomach and intestine, anti give rise to violent vomiting 
and purging, the copper giving a blue or green color to the vomited 
matter and the stools, and blood appearing in them later from the 
corrosion of the mucous membrane. Violent pain in the abdomen »s 
complained of, and the usual symptoms of acute corrosive poisoning 
may follow; collapse, with weak pulse and respiration, headache, 
giddiness, unconsciousness, delirium, coma, convulsions, and paralysis. 
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These may prove fatal in a few hours, but more frequently the patient 
lives for several days to sink eventually from exhaustion. 

Toxicology.— The nausea, vomiting and purging of acute copper poisoning 
are due to the local effect on the mu cou s membra n cs of the stomach and intestine. 


irritation and bronchitis. The skin and hair often have a greenish tint, and a 
green line on the t< ■** ' 1 —;•**'••• 1 41 ■ * • 

line; but it is belic\ ’* • . \ ‘ ■ • ■ ■ 

the skin, hair and * • : • • ‘ ’■ ; ■ • . 

anemia, tremor, emaciation and cutaneous eruptions are said to have followed 
these symptoms in some cases, but it may fairly be doubted whether these 
symptoms arc really due to the copper or to the lead, arsenic and other poisons 
often associated with it. Furthermore, copper has been taken in the form of 
the metal, or of its soluble salts, for prolonged periods without any symptoms 
being elicited except those of slight intestinal catarrh and some nausea. 

’ *’ * ■ 4 * !•*••** ’ ’-y the injection of slowly dis- 

• • ■ ■ the blood or subcutaneously. 

. ■ • docs not cause vomiting, but 

the locomotion soon becomes slow, clumsy anu weak, and later complete paral- 
ysis of the spontaneous movements follows. The heart and respiration seem 
equally involved, but the respiration ceases somewhat earlier than the heart. 
When an animal survives longer, 
induced by copper, as by most 
flesh rapidly, and refuse food, an 

Similar results are obtained in rabbits when copper is given by the mouth, as 
this animal is incapable of rejecting the poison by vomiting. In the dog, on the 
other hand, poisonous doses are removed by vomiting when they arc given by 
the mouth. 

Absorption.— Co.pper is absorbed from the intestine, for large quantities 
have been found in animals fed on it for some time; a large proportion 
of the metal is absorbed when small doses are given, but the proportion 
lessens as the dose is increased. It also passes into the blood from other 
mucous surfaces and from wounds. The copper absorbed from the 
intestine is lodged chiefly in the liver, less in the spleen, kidney, and 
thyroid. It is excreted especially by the intestinal tract, to a less extent 
in the urine. Traces have been found in saliva, bile and milk and it 
is said to pass from the mother to the fetus in utero. Copper is found 
in small quantities in these organs and secretions in man and in animals 
that have not been treated with it, but in a much larger amount after 
prolonged administration. 

Copper is found as a normal constituent of the blood in many of the inverte- 
brates, in which it performs the same function as the iron of the hemoglobin in 
the vertebrates. It has been detected in one of the pigments of birds’ feathers 
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added to the water in which they Jive, destroy some of the simpler alg®, and 
the parasites of the grape vine, potato, apple and other plants are lolled by 
spraying the plants with copper; yeast ceases growing in a 0.02 per cent solu- 
tion, while the moulds seem to be almost immune to its action. 

Therapeutic Uses,— The principal salt of copper used in therapeutics is 
copper sulfate (blue vitriol). The chloride of copper is more irritant 
and hence not used. Cupric citrate, on the other hand, is only sparingly 
soluble and is used as an astringent in the form of a 5 or 10 per cent 
ointment for application to the eye. Copper sulfate was formerly used 
internally as an emetic, being given for this purpose in about 1 per cent 
solution. It acts promptly, and does not leave much depression and 
nausea, and for this reason is unsuitable as an expectorant. In phos- 
phorus poisoning it is especially valuable, as in addition to causing 
evacuation of the stomach, the metal is deposited on the particles of 
phosphorus and prevents their absorption. As an emetic in other 
conditions, zinc sulfate is preferable, as it causes less irritation of the 
stomach should vomiting not take place. Emetics, however, are infre- 
quently used in modern medical practice, resort being made to the 
stomach tube as a more effective method of emptying and washing the 
stomach where this is desirable as in cases of poisoning. 

Externally copper sulfate is used as an astringent for irrigation of the 
urethra, and occasionally as a lotion in ulcers and wounds; for this 
purpose it is employed in 1 per cent solution. The solid crystals are 
sometimes used to touch exuberant granulations for their astringent 
and corrosive effect. 

Small quantities of copper sulfate have recently been used to destroy 
the algre which grow in reservoirs and often give the water a disagreeable 
odor and taste. The proportion of copper required for this purpose is 
about one part in a million or sometimes in fifty millions; this treat- 
ment does not render the water deleterious to man, for much larger 
quantities of copper have been taken constantly without injury. Copper 
sulfate has also been used as a fungicide for application to the skin in 
the treatment of cpid arm oph ytosis. 

A new physiological function for copper has been elucidated by recent 
researches on experimental anemias. Experiments on induced anemias 
in laboratory mammals indicate that copper does not affect the absorp- 
tion or storage of iron but facilitates the formation of hemoglobin, in 
spite of die fact that copper is not itself a constituent of hemoglobin. 
Copper is widely distributed in food material, green vegetables and liver 
being especially rich in it On the analogy of experimental anemias the 
amounts of copper needed is very small, only a few milligrams per day, 
which would be amply supplied by an adult mixed diet. On the other 
hand, milk, especially cow's milk, is low in copper as well as in iron 
content, and it is possible that children fed on cow’s milk may suffer 
from a deficiency of both copper and iron. Indeed results have been 
published to show that anemia in children may be cured by simultaneous 
administration of iron and copper more rapidly than by iron alone, and 
that in a certain proportion of cases copper is necessary for the cure. 
However, as indicated already, in the anemias encountered in the adult 



118 


THE ACTION OF INORGANIC SUBSTANCES 


there is no indication that a deficiency of copper plays any part in their 
pathogenesis. In general there is no indication for the administration 
of copper in anemia except in some cases of anemia in infants who have 
subsisted solely on a milk diet. The dose of copper sulfate in such 
cases is about 3 mg. of copper sulfate daily given orally in milk or 
fruit juices. 

Copper forms a very stable compound with chlorophyll, and traces 
of copper salts are sometimes used to give a bright green color to pre- 
served green vegetables. No harmful results have been proved to occur 
from this practice so long as the copper is in organic combination and 
the amount added is small. 

Copper has recently been shown to exert a neutralizing effect on the 
lethal action of hydrocyanic acid in rabbits. It is assumed that the 
copper counteracts the inhibiting effect of the HCN on the catalase of 
the erythrocyte^ (Clemedson). 

In cases of Poisoning with copper salts, the stomach generally rejects 
the metal by vomiting and no emetic is required. Non-corrosive com- 
pounds may be formed by giving milk, egg, or other forms of albumin, 
tannic acid, magnesia, or ferrocyanide of potassium. Morphine may 
be required for the pain, ice to stop the vomiting. 

Preparations 

Cupri Sulfas (U. S. P., B. P.) (CuSC>4.5HiO), large, transparent, deep blue 
crystals, without odor, but with a nauseous, metallic taste, soluble in water, 
scarcely so in alcohol. Dose, B. P., 0.016 to 0.12 gram; as an emetic, 0.3 to 
0.6 gram. 
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m. zinc 

The effects of zinc resemble those of copper closely except that salts 
of zinc are, in general, much weaker in their effects than the correspond- 
ing salts of copper. Like copper, the soluble salts precipitate proteins 
and therefore possess an astringent action, or in large quantities act as 
irritants and corrosives. The sulfate is the soluble salt most commonly 
used in medicine, but the chloride, which is used only as a caustic and 
disinfectant, has frequently given rise to corrosive poisoning. Zinc also 
plays a role in the animal economy being a normal constituent of the 
pancreas and insulin (c/. p. 559). 
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Symptoms.— The sulfate of zinc has a harsh, metallic taste, and in 
small doses causes nausea and vomiting, in larger quantities, violent 
vomiting and purging, pain in the abdomen and collapse; these symp- 
toms are due to the local action on the stomach and intestine. The 
insoluble zinc oxide and carbonate are not liable to cause acute irritation 
but their prolonged ingestion has given rise to dyspepsia and constipa- 
tion or diarrhoea in some cases. The continued administration of zme 
salts has no effects in man, except those of disordered digestion and 
constipation, and Lehmann could detect no effects in the dog after the 
administration of 155 grams of the carbonate in the course of three 
hundred and thirty-five days, although a considerable amount of the 
metal had been absorbed. 

In workers exposed to zinc fumes a condition known as “ brassfounders' 
ague ” is occasionally met with. It is ushered in- by dryness of the throat, 
hard cough, metallic taste, constriction of the chest, lassitude and 
weakness, sometimes with nausea and vomiting; muscle cramps and 
joint pains are often present, and later prolonged rigors and shivering 
are followed by a rapid acceleration of the pulse, coughing and soreness 
of the chest, and headache. These symptoms give place to profuse 
perspiration, and the patient sinks into a sleep from which he awakes 
in ordinary health. The attack has been attributed to the absorption 
of decomposition products of the proteins destroyed by the fumes of 
zinc inhaled; it is held that the same symptoms would arise from the 
fumes of other metals, but these are less volatile than zinc and are 
therefore seldom inhaled. A number of obscure nervous conditions 
have also been described as arising from zinc in workmen in brass 
factories and bronze-works, but it is probable that these are really due 
to impurities, such as arsenic and lead present in zinc ores. Instances 
of acute poisoning have also been reported from the use of utensils 
galvanized with zinc. Nausea, vomiting, diarrhea and abdominal pain 
are the common symptoms. 

Action .— The general action of zinc can be observed only when a double 
salt is injected intravenously or hypodermically, ns the ordinary salts pre- 
cipitate the proteins of the blood when mjected into a vein, and cause acute 


the pulse is slowed. , , , . , 

Zinc seems therefore to depress the central nervous system and to a less 
extent the heart and xoltmtary muscles, and to cause irritation and congestion 
of the mucous membrane of the stomach and intestine and inflammation of 
the kidney. The fact that vomiting occurs from the intravenous injection of 
zinc salts is explained by the metal inducing inflammation in the stomach. 

Therapeutic Uses .— Zinc sulfate may be used internally as an emetic. 

Externally the zinc preparations, with the exception of the chloride, 
are used as astringents and antiseptics, the sulfate being applied in 
solution, the oxide and carbonate as powders, lotions, or ointments. 
The oxide is especially useful a3 an application in many skin diseases. 
Zinc peroxide is also used as an anti-infective for application to wounds 
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(cf. p. 791). Calamine, an impure carbonate of zinc, is used in oint- 
ments and lotions as an astringent and to impart a pink color. Solutions 
of the sulfate or acetate are used as an eye wash (0.1 - to 1 per cent) 
particularly in conjunctivitis caused by the Morax-Axcnfeld bacillus, 
and as an injection (0.5 to 4 per cent) in gonorrhoea, leucocrhcca and 
otitis. The stearate is used as a soothing and mildly antiseptic prepara- 
tion for acne, eczema and other skin diseases. Zinc sulfate is also used 
in conjunction with sulfurated potash (white ointment) for application 
to the skin. 


The chloride of zinc differs from the other salts in being a powerful caustic, 
and is used as a paste or in pencil form to destroy malignant growths, or in 
chancres and gangrenous sores. It produces a white eschar and is said to be 
less liable to spread over the surface than potash, but penetrates the epidermis 
with difficulty, and it is therefore advisable to destroy this with potash or a 
blister before applying the caustic. It i3 sometimes mixed with flour or dried 
gypsum and water to a paste (Canquoin’s paste), when a less active caustic 
is desired. T1 “ *“ "* u *'* * 1 ' the present time than formerly. 

Burnett’s trongersolution than the official 

liquor) is ' , and the liquor of the pharma- 

copoeia may be employed for the same purpose. It has frequently given rise 
to severe corrosive poisoning from being swallowed accidentally or suicidally. 


Preparations. 

U. S. P. 

Zinci Sulfas (ZnSO« 7HjO), colorless, transparent, odorless crystals, with a 
harsh, astringent, metallic taste, soluble in water, not in alcohol. 

~ ' ’ m " ' ' part in 2-3 of water. 

■ . • . • . Iain-like mass, irregular or 

, , , . , , , , c, very deliquescent and 

soluble in water and alcohol. 

Zinci Oxidum (ZnO), an amorphous white powder without odor or taste, 
insoluble in water. 

TJnguentum Zinci Oxidi, 20 per cent, in paraffin or petroleum jelly. 

Zinci Stearas, a white impalpable powder, insoluble in water. 


B. P. 

Zinci Chloridum. 

Zinci Oxidum, used in the preparation of: 

Unguentum Zinci Oxidi, 15 per cent in simple ointment. 

Unguentum Zinci Oxidi Aquosum (B. P.), hydrous ointment of zinc 
oxide, 15 per cent in hydrous ointment. 

Gelatinum Zinci (Unna’s paste), 15 per cent in gelatine, glycerin and 
water. 

Pasta Zinci Oxidi Composita, 25 per cent in starch and soft paraffin. 

Unguentum Zinci Oleatis, zinc oleate ointment, consists of equal parts 
of zinc oleate and hydrous ointment. 

Zinci Stearas. 

Zinci Sulphas. Dose, 0.06 to 0.2 gram; as emetic, 0.G to 2 grams. 
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IV. ALUMINIUM AND ALUM 

The chief preparations of aluminium used in medicine are the sulfate 
of aluminium and potassium, or alum, which has been largely used for 
its astringent properties; the insoluble hydroxide and phosphate which 
are used as antacids; and the acetate and chloride which are used as 
antiseptics and astringents. Alum solutions precipitate proteins in the 
same way as the salts of the other heavy metals, and dilute solutions 
have thus an astringent action, while larger quantities and more con- 
centrated solutions act as irritants. This is more especially the case when 
dried alum is applied, for, in addition to its coagulating effect on the 
proteins, this preparation has a great avidity for water. 

Symptoms. —Alum solutions have a sweetish, astringent taste, and 
in small quantities induce no symptoms except a feeling of dryness 
and astringency of the mouth and throat, and some constipation. 
Larger doses act as gastric irritants and cause nausea and vomiting, 
and, in extreme cases, purging. Even the largest quantities, however, 
are followed by no symptoms except those of gastrointestinal irritation 
and inflammation, and the long-continued use of alum does not elicit 
any symptoms of chronic poisoning. The aluminium salts are only 
absorbed in smalt quantity from the stomach and intestine, so that no 
symptoms of general poisoning arise from the internal use of the salt. 
The small amount of aluminium absorbed is stored up in the liver, 
kidney, muscles and pancreas and slowly excreted in the bile and urine. 

The suggestion that toxic effects may result from the ingestion of 
food cooked in aluminium vessels has given rise to much controversy 
and experiment. The evidence on the whole is that the amount of 
aluminium so introduced into the system is too small to produce any 
deleterious effects (Burn). Alum has been used extensively in baking 
powders. With any ordinary diet this could hardly lead to the ingestion 
of more than GO mg. of aluminium per day, a quantity which appears 
to be quite innocuous. Very large amounts of aluminium taken experi- 
mentally with foods in the form of baking powders were found to produce 
diarrhea, but no symptoms of general poisoning have been proved to 
result from the ordinary use of such ponders. Likewise the administra- 
tion of large amounts of insoluble aluminium salts over long periods to 
animals or man results in no obvious symptoms of poisoning. Deaths 
from the ingestion of large doses arc attributable to their local action 
on the mucosa of the gastro-intcstina! tract. 

Aetion.~Aluminmm has ft 'cry remarkable general action when it obtains 
access to the blood In Siem’s experiments on animals, the sodium-aluminium 
lactate or tartrate induced a very slow intoxication, mammals never dying from 
the effects sooner than one or two weeks alter the intravenous injection of the 
salts. In mammals the first eymptoms appeared only after three to five days. 
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and consisted of constipation, rapid loss of weight, weakness, torpor and vomit- 
ing; marked abnormalities in movement and sensation were observed later, 
such as tremor, jerking movements, clonic convulsions, paresis of the hind legs, 
anesthesia of the mouth and throat, and lessened sensation all over the body. 
Before death, diarrhea often set in, and albuminuria was generally present. 
The mucous membrane of the stomach and bowel was found swollen and con- 
gested, the kidney and liver had often undergone fatty degeneration, and 
hemorrhages were found in the renal cortex. Aluminium was found in the urine. 
Like the other members of the heavy metal series, aluminium therefore acts 
on the bowel and kidney in general poisoning, while many of the symptoms 
point to a direct action on the brain. 

Uses.— Alum is used chiefly externally for its astringent properties. 
Its aqueous solution is used as an astringent gargle (1 to 5 per cent), as 
an injection in gonorrhea (£ to 1 per cent), as an astringent lotion in 
skin diseases (1 per cent), and for other similar purposes. Dried alum is 
more caustic, from its withdrawing fluid from the tissues; it has been 
used as an application to exuberant granulations, hemorrhoids, or 
condylomata, and as a styptic in bleeding from the nose or teeth. 

A large number of aluminium preparations have been introduced as 
antiseptic astringents. Among these may be mentioned alumnol 
(naphthol sulphonate of aluminium), salnmin (salicylate), tannal (tan- 
nate), gallol (gallate), boral (borotartrate), cuiol (borotannate), alsol 
(acetate), alkasal (salicylate of potassium and aluminium). They are 
used partly in solution, chiefly as dusting powders. 

Aluminium hydroxide in the form of an aqueous suspension or tablet 
and aluminium phosphate in the form of a suspension are widely used as 
gastric antacids. Aluminium hydroxide neutralizes the excess hydro- 
chloric acid of the stomach without producing systemic alkalinization 
as is the case when sodium bicarbonate is used for this purpose. The 
aluminum chloride formed in the stomach is presumably reconverted to 
the hydroxide in the alkaline intestine. In addition to their antacid 
effects aluminium hydroxide and phosphate also exert mild astringent 
and demulcent actions in the stomach. Aluminium hydroxide may, by 
reacting with the phosphate to form insoluble aluminum phosphate, 
induce a phosphorus deficiency and may be used for this purpose when 
this is desirable, as in renal lithiasis. Aluminium hydroxide is admin- 
istered in doses of 4 to 8 cc. of the 3 to 5 per cent suspension every two 
to four hours or one-half to one hour after meals. It is also administered 
by continuous drip diluted two to three times with water at a rate of 
about 1500 cc. per twenty-four hours in the treatment of peptic ulcer. 
Aluminium phosphate gel has actions and is used similarly to the hydrox- 
ide. It does not interfere with the absorption of phosphorus. It is. 
administered in doses of 15 to 30 cc. every two hours during the active 
stage of ulcer. 

Preparations 

Alumen (U. S. P , B. P ), alum, potassium or ammonium alum (AlK(SO0t. - 
I2HjO, or AlNIL(S0 < )rl2H J 0), large, colorless, octahedral crystals, with a 
sweetish, strongly astringent taste, soluble in water but not in alcohol. Dose, 
B. P., 0.3 to 0 0 gram. 

Amjmen Exsiccatum (U. S. P.), burnt alum, dried alum (AlIC(SO«)j, or. 
AlNIL(SO«)j), a white, granular powder, attracting moisture on exposure to 
air, soluble in water. 


) 
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Glyceiu.vum AtmnsisQ}. P.), aJ3 per cent solution of potassium or am- 
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V. LEAD 

I-cad is of negligible importance in therapeutics; its chief interest 
from a medical point of view lies in the frequency with which it gives 
rise to chronic poisoning, and in the diversity of the symptoms {ire- 
sen ted in that condition. 

Solutions of lead salts precipitate proteins, and this precipitate is 
formed when lead solutions are applied to the mucous membranes and 
protects them. The metal contained in the precipitate is not destructive 
to the cells ns in the case of mcrcuiy, so that the lead salts are less 
corrosive; and the salt chiefly used is the acetate, whose acid is only 
slightly active, so that the astringent action of the protein precipitate 
is the chief feature of the action. Solutions of lead nitrate are irritating 
and corrosive, lion ever, because it is more readily dissociated and the 
nitric acid freed is itself corrosive. 

Symptoms.— Lem! acetate solutions applied to the shin have no elTect, 
but mucous membranes, or cxj>ose<l tissues, such as ulcers, arc covered 
with a thin pellicle of precipitate, which serves to protect them from 
irritation, and thus promotes their healing In small do*cs, the acetate 
of lead (sugar of lead) has a swcctWi, metallic taste followed by a feeling 
of astringcncy, and induces no symptoms except constipation Tin- 
stools after lead arc often dark m color from the sulfide formed in the 
intestine, but this docs not seem to be the general rule. Probably little 
lead is absorbed from an ordinary do-o of the acetate, nt nny rate no 
symptoms nn-c from the general action of the metal absorbed. 

When \ery large quantities of nretatc are swallowed, particularly if 
in a concentrated form, they give me to the ordinary symptoms of 
irritant {Humming, nau'-ea. vomiting, pain in the olxlomen, violent 
purging or sometunes constipation, hlixxl in the vomitei} matter and 
stool*, great thiM, vveal.ti'*". and eollapM*. In «omr tnrtancrs in whh ?i 
tin- patients recovered from tlw'C m mptom*. they suh'equently Miffcml 
from ihrome lead puwmmg. hut apart from throe, nothing in th* 
course of acute lead puromuig Miggcrts tlie ttbvirption of the m« tal. 
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abortifacienis. Poisoning has also resulted from the use of add bever- 
ages, and even drinking water which has been exposed to lead pinine or 

urnitare The ^ P ° is0 , ned by eating lead Pints' on 

ofTead Mknniov rl b -T C f SmgS a ? fuel has lad to “epidemics” 

' meir 11 p ? Ison ”S' Chrome lead poisoning has been induced experi- 
mentally in animals by the mhalation of lead carbonate dust and in 

susceoten I s d ad ? hot .“ to L th <= ™P- Young animals are much more 
su^eptible to lead poisoning than older animals. 

iohal , e t^n J Tf ty ° f Case i ct industrial Poisoning have resulted from the 
“S’? °” U ““ ord " st oontaming lead. It has been shovn that in 
addit'on to the lead which may be absorbed by way of the stomach, the 
jnetal may also reach the circulation through the mucous membrane of 
respiratory tract. With the recent emphasis on industrial health, 
preventive measures have been adopted against lead poisoning and its 
incidence has been greatly reduced. 

The Symptoms of chronic lead poisoning vary greatly in different 
cases. _ Although often presenting a clinical picture which is pathog- 
omonic, the disorder in its early stages may be difficult to diagnose. 
TK tflls . § e t “ e patient may show signs of irritability and nervousness. 

nere is often a pallor of the skin which is out of proportion to the 
anemia which may be slight. In the advanced form of lead poisoning. 
However, certain well defined signs and symptoms become evident. . 
f i j Mo “ th > Stomach, and Digestion very often give early indications 
01 ea .^ poisoning. The patient complains of loss of appetite, nausea, 
constipation, wasting, a metallic taste and fetid breath, and a blue- 
oiack line is seen along the margin of the gums close to where the teeth 
fh v, ,^* s "' ea( l line*’ is due to the precipitation of lead sulfide by 
the hydrogen sulfide arising from septic processes in the teeth and 
jfhtos; it is often absent if the teeth and mouth arc kept clean and 
healthy, and its presence does not indicate lead poisoning, but only 
contact with lead. The lead is not deposited on the surface but in the 
subepithelial tissue, as it cannot be removed by rubbing. The metallic 
taste seems due to the excretion of lead in the saliva, and the loss of 
appetite may arise from the same cause. These symptoms may be 
produced in animals also. 

Another early symptom is Anemia, which, however, is usually not 
profound except in severe cases of poisoning. This anemia is due to the 
toxic effect of lead on the bone marrow as well as to an abnormal destruc- 
tion of the red cells of the blood. The white corpuscles arc increased in 
toany cases but not in all. The anemia is sometimes accompanied by 
Jaundice, a highly pigmented urine and other symptoms which usually 
to* tow the liberation of large quantities of hemoglobin from the breaking 
“P of red cells. The red blood cells often contain granules staining with 
oasopliilc dyes (stipple cells) and indicating incomplete disappearance of 
the nucleus; this change may present itself before any other sunptom 
an d is an important diagnostic sign of lead poisoning; it may, however, 
occur also in other forms of anemia. I/?ad is believed to alter the sur- 
face of the red blood cells, causing them to shrink and rendering them 
ess c ’astic than normal and more brittle, as a result of which they break 
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THE ACTION OF INORGANIC SUBSTANCES 




there is no evidence that they are ever contracted in the practical use 
of silver. 

In acute silver poisoning from the ingestion of silver nitrate, the 
symptoms are those of severe gastro-intestihal irritation and corrosion. 
Burning pain is felt in the throat and abdomen, and is followed by 
nausea and vomiting and often by purging. < The mouth is covered with 
a grayish-white membrane, which turns darker after a time, but this 
is absent if the poison is swallowed in the solid form, as has happened 
sometimes. The corrosion of the stomach and intestine causes collapse, 
with weak pulse, shallow’ respiration and pinched features and this may 
be followed by coma, convulsions, and death. The throat, stomach 
and intestine presented the ordinary appearances of acute corrosive 
poisoning in one case in which an autopsy was performed. 

Action.— The symptoms of acute poisoning are due to the local action, and 


the medulla oblongata, which seems to be stimulated at first, for Jhe blood- 
pressure rises and the pulse is somewhat slow, owing to increased ^activity of 
' the vasomotor and vagus centers. Later the blood-pressure falls and the res- 
piration becomes slow and labored, and eventually ceases from paralysis of the 
center. The diaphragm, and eventually the other striated muscles are paralyzed 
soon afterwards. The heart is comparatively little affected and often continues 
to beat some time after the respiration has stopped. In less acute poisoning, 
when the animal survives the injection for several hours or days, a marked 
increase in *’ ’ ' 1 ** ' the lungs, has been 

noted; no . .. ■ ced, but it does not 

,6ecm due • ses are found in the 

•"stomach a • ■ ion of these mucous 

membranes. Cohnstein found that small quantities of silver salts injected 
intravenously cause some increase in the urine for a time, but that larger quan-y 
tities are followed by albuminuria. 

In cold-blooded animals and in invertebrates, silver preparations are said 
to cause violent convulsions resembling those of strychnine and followed by 
general paralysis. 

The general action of silver is thus apparently directed first of all against 
the medulla oblongata, the rest of the central nervous system being affected 
to a less extent. The mucous membrane of the stomach and intestine is acted 
on, as by most heavy metals, and the kidney is also liable to irritation. Edema 
of the lungs occurs frequently, y 

Chronic Poisoning.— There is no evidence that in acute poisoning in 
man any considerable amount of the metal is absorbed from the stomach 
and intestine. When silver is given for prolonged periods, however, 
some is absorbed, although probably only a minute fraction of that 
actually swallowed. None of it is found in the epithelium of the stomach 
and intestine, and some of it may circulate in the blood in a soluble form 
for a short time. But the greater proportion is very soon thrown down 
in the form of minute granules, which are found chiefly in the connective 
tissues of the body, and when present in quantity, give a dark color 
to the skin and mucous membranes. This pigmentation (Argyria) was 
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much commoner formerly, when the nitrate was used in the treatment 
of epileps y. It is occasionally observed in patients who have used 
“nose d rops” o r gargles containing_silyer oyer a long period. It has 
also occurred in the makers of artificial pearls, who use silver as a pig- 
ment. Local argyria is sometimes met with from the prolonged applica- 
tion of silver nitrate to the eye or throat, when it tints the eyelids and 
mouth, and from working with silver, when the hands are permanently 
blackened from the granules being forced into the skin. ' 

The deposit of the silver in the skin gives it a darker color, varying 
from light gray in mild cases to a darker slate shade after more pro- 
longed use. It is generally distributed all over the body, but in some 
cases has been especially marked in the face. The first evidence of dis- 
coloration is in the gums, where it causes a dark, slate-colored line some- 
what resembling the lead line and in the scleras which become light 
blue or gray In the skin it is found in the corium, not in the epi- 
dermis. The deposit and the dark color extend throughout the ali- 
mentary canal and the respiratory passages, the granules occurring 
in the connective tissue, particularly in the intestinal villi, and not in 
the epithelium. The_gIomeruli of the kidne ys, the connective tissue 
of thej iver and s pleen, the choroid plexus, the tunica mtima of the 
aorta,, the serous membranes, and the mesenteric lymph gland s cont ain 
jfibrejofjEKe "deposit than other organs. The pigmentation is not accom- 
panied by any other symptoms of importance, and the victims may 
live to old age without suffering from the chronic poisoning in any way, 
except from the annoyance induced by the change in color. 

Argyria is difficult to eradicate, although many attempts have been 
made to remove it. Iodide has been tried, for the most part without 
fr 1 1 1 ’ ■ ’ " - lueless, as the pigment lies deeper than 

. , 1 inject io n of sod iu m thiosulfate an d 

the be st Jesuits (Stillians). 

. ’ animals by prolonged treatment with 

w h here the pigment is not found in the 
skin, but in the connective tissue of the internal organs. 

In man it seems likely that most of the silver passes through the 
alimentary canal unabsorbed and that the small proportion taken up 
by the tissues is precipitated and remains embedded in them indefi- 
nitely, for the pigmentation remains unchanging in its depth, and there 
is therefore no reason to suppose that any of the silver is eliminated. 
The silver content of the body increases with age due to the constant 
accumulation of small amounts through the years (Gaul and Staud). 

In animals, however, some of the silver ipjected hypodermically or 
intravenously is excreted by the epithelium of the alimentary canal. 
None appears in the urine. In the frog, silver injected hypodermically 
-is all excreted by the epithelium of the tongue, is swallowed, and passes 
out in the feces. No other poison is known to be eliminated by this 
channel. 

Silver nitrate is a powerful disinfectant, partly from its action in 
coagulating thcjroteins of the’ microorganisms, partly from the specific ^ 
effccfcrcflKe metal. 
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'Therapeutic Uses.— The ancient use of silve r oxide in th e treatment of 
various nervous_ diseases dates from the Arabs, and originated from 
tlnT astrological medicine of that period, which, taught that nervous 
diseases were especially affected by the phases of the moon, which was 
associated with silver in their system' (hence lunar caustic, lunacy). 
This use of silver often gave rise to argyria without benefiting the 
patient. 

Exterrxalb’—sUyer_nitrate is emploj’ed very extensively, the sticks of 
lunar caustic “be ing used to destroy Warts and other small skin growths, 
to arrest^ capillary hemorrhage, to destroy the false, membranes-of 
diphtheria a nd for other similar purposes. A solution of 2 to 5 per cent 
may also be applied to cauterize, chancres _and_indolent—ufccrs, and 
weaker solutions are employed for their astringent-antiseptic action for 
fissures of the lips, impetigo, etc. A solution of common salt may be 
used to wash the part to remove the excess of silver as insoluble chloride. 

Silver has a wide use for application to mucous membranes, as it is . 
not only a good astringent but a powerful antiseptic, being especially 
valuable for g onorrh eal infections, c. g,, of the eye or ureth ra. For 
ophthalmia it is "extremely valuable^ For 'th'^prevention of ophth almia ^ 
neonatorum a .routine treatment is to wash the eyes of the infant with a 
solution of silver nitrate. Crede’s method, which was once the accepted 
practice, consisted of the instillation of 1 drop of a 2 per cent solution of 
silver nitrate into each eye after the conjunctiva and -lids -had been 
carefully cleaned. This is, however, not without danger and many 
cases are on record where this procedure had resulted in permanent 
cornea^opacity_with gross diminution in_vision. It is stated to be as 
efficient and much safer to employ a solution of one of the organic silver 
compounds. Silver is also used for other types^ of co njunctivitis and fo r 
^trachoma. ~ - 

In gonorrheal urethritis and proctitis silver is widely used, in the 
form of weak solutions of the nitrate (1 in 200 to 500) or of the colloidal 
silver derivatives (c/. p. 78S). For pyelitis, lavage of the renal pelvis, 
through a ureteral catheter, has been practiced, using 1 per cent of 
silver nitrate or stronger solutions of protein or colloid compounds. 
Solutions are used in a similar way for cystitis and have been injected 
into the rectum for chronic dysentery. Generally for more sensitive 
mucous membranes, such as the eye and urethra, the milder protein 
compounds are tending to replace silver nitrate itself, as they achieve 
the same effect with less irritation. These compounds are described on 
page 789. 

For silver arsphenamine ,. see p. 183. 

In cases of poisoning with silver nitrate, eggs, milk and, above all, 
common salt solution are indicated to form insoluble compounds. 

Preparations 

Argenti Nitras (U. S. P., B. P.) (AgNO,), colorless crystals which become 
gray or grayish-black on exposure to light in the presence of organic matter, 
with a bitter, caustic, strongly metallic taste, very soluble in water, less so in 
alcohol. Dose, B. P., 0.00S to 0.01G gram. 
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Argents Nitras Indurates (17. S. R, B. R), moulded nitrate of silver, lunar 
caustic— a white, hard solid, generally east in the form of pencils, and containing 
about 95 per cent of silver nitrate. 

The silver preparations ought to be kept in dark amber-colored bottles, in 
order to prevent their being reduced by light, and ought not to be prescribed 
with organic matter, which rapidly reduces them. 

The protein compounds of silver are described under antiseptics (p. 788). 
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VH. MERCURY 

Mercury, one of the most pou erfut inorganic poisons, has been used 
in medicine for a. long time and in a large variety of forms. Some 
differences are observed in the action of these, but ail of them induce 
the same general results, the differences existing only in their local 
effects, and being due to the salts differing in solubility and dissocia- 
bility. A soluble salt, such as the bichloride, comes into more intimate 
contact with the tissues, and therefore acts more powerfully locally 
and is also absorbed more rapidly and in larger amount than calomel, 
which is entirely insoluble in water. The organic mercury compounds 
do not dissociate to give mercuric ions and hence are neither corrosive 
nor toxic on immediate application to the tissues. However, when 
sufficient mercury in the form of calomel is absorbed into the tissues, 
the genera! effects are the same as if an equal quantity had been taken 
up as bichloride. 

The corrosive action of the soluble mercury* salts is doubtless due 
in part to their precipitation of the proteins, but in addition to this there 
is a specific toxic action on all Jiving cells. Less of the insoluble prepara- 
tions are absorbed merely because they come into less intimate contact 
with the tissues than the soluble and dissociable bichloride; but even the 
metal may be oxidized and absorbed when it is applied to the living 
surfaces or injected into the blood in a state of fine division. Thus the 
inhalation of mercury vapor by the lungs leads to general poisoning, 
often of- a very malignant type, and mercury rubbed into very fine 
globules, and applied in ointment to the shin, passes into the gland ducts 
and along the roots of the hairs, and is absorbed into the tissues, in 
which it causes the typical mercurial effects. 

Symptoms.— Acute Mercurial Poisoning occurs only from the use of 
soluble preparations, and in particular from the bichloride of mer- 
cury, or corrosive sublimate. Many cases have arisen from this poison 
being swallowed accidentally or with suicidal intent, or from its use 
ns a disinfectant wash for large cavities.. Fatal cases have occurred 
from the use of mercury solutions as a vaginal douche. When corrosive 
sublimate is swallowed* in poisonous quantity, the patient complains at 
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once of the harsh metallic taste, which is followed by burning pain in the 
mouth, throat, and stomach. Nausea and vomiting set in very soon, 
and the vomited matter may contain shreds of mucous membrane and 
blood. Diarrhea and violent tenesmus, with watery or bloody stools, 
often containing shreds of membrane, may be among the early symp- 
toms, or may only occur after twenty-four hours. These symptoms 
from the alimentary canal are accompanied by collapse, with a small, 
thready, sometimes irregular, pulse; shallow, irregular, rapid respira- 
tions; cold, clammy skin; pinched features, and sunken eyes. The 
temperature is often subnormal, but sometimes fever is observed, al- 
though this is attributed by many to concurrent disease. The con- 
sciousness is usually unaffected, but in some cases somnolence, giddiness, 
or more rarely anxiety and restlessness have been observed. The urine 
is much diminished and complete anuria often occurs in a few hours. 
If the urine is not completely suppressed, it generally contains albumin, 
renal epithelium, casts and more rarely sugar. Death may occur within 
an hour from shock, but more frequently the patient survives several 
days or even one or tw'o weeks, the symptoms of intestinal corrosion and 
of renal irritation continuing, until he finally sinks from exhaustion. 
Complete suppression of urine may exist for several days before death. 
Gangrenous colitis may occur, usually in six to twelve days. Corrosive 
sublimate has induced fatal poisoning in doses of 0.2 gram or even less, 
but other cases have recovered from much larger doses depending upon 
the rapidity of vomiting and the degree of absorption. If vomiting 
does not occur within ten minutes after swallowing 1 gram, the prospect 
for recovery is poor. 

Wien acute poisoning occurs from the absorption of corrosive sub- 
limate from wounds, the symptoms of corrosion of the mouth and 
stomach are absent at first, but the dysenteric symptoms and the renal 
inflammation are produced in the same way as when the poison is 
swallowed. Here again the patient may die within a few hours, but 
more frequently survives for several days, and in the latter case the 
symptoms toward the end partake of the character of chronic poison- 
ing. In particular, salivation and stomatitis set in in the course of a 
few days. These also occur when the poison is swallowed, although 
they are more liable to be overlooked, from the cauterization produced 
in the mouth by the local action. 

Chronic Poisoning.— A much more frequently observed form of poison- 
ing is that induced by the prolonged medicinal use of mercury. It 
may arise from any of the preparations, and from any form of appli- 
cation, although some methods of administration are credited with 
being less liable to induce it than others. Thus inunction with mer- 
curial ointment and the use of calomel internally are both more liable 
to cause the severer forms of stomatitis than is corrosive sublimate. 
A single hypodermic injection of an insoluble preparation may induce 
it in susceptible persons, because the mercury is only slowly absorbed, 
and passes into the tissues as gradually as if it were given by the mouth 
regularly for several days. Thus chronic poisoning, or Mercurialism, is 
due not to the local action, but to the effects of the drug after absorp- 
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tipn. It may follow the abuse of mercury in any case, but some indi- 
viduals exhibit a special susceptibility from some unknown cause. 
Formerly it was believed that the earlier symptoms of mercurial poison- 
ing had to be induced in the cure of syphilis, but in modem therapeutics 
every effort is made to avoid them. The first symptoms generally 
arise from the mouth and throat, the patient complaining of a metallic 
taste, and of a feeling of numbness or soreness of the tongue and gums. 
The breath has an unpleasant fetid odor, the tongue is swollen and 
thickly coated, the gums are soft, swollen and often of n dark bluish-red 
or gray color and the flow of saliva is augmented. If the medication be 
continued, as was often done formerly, ulcers appear on the gums and 
on the sides of the tongue where it comes in contact with die teeth, 
especially if these are carious, and on the mucous membrane of the 
cheeks; the salivation increases and Irritates the lips and the skin where 
it is exposed to the secretion. If the administration of mercury be still 
persisted in, the teeth become loose and fall out, gangrene of the gums, 
lips and throat, nnd necrosis of part or even of the whole jaw may follow. 
The milder forms of stomatitis and salivation were observed very fre- 
quently when syphilis was treated with mercury, but since this form of 
therapy has been discarded, it is les3 often encountered. It may be 
avoided, to some extent at least, by scrupulous cleanliness of the mouth 
and teeth and by attention to carious teeth. 

The stomach and intestine also suffer in chronic mercury poisoning. 
The patient often complains of loss of appetite, and occasionally of a 
feeling of weight and discomfort in the stomach, nausea and vomiting, 
general weakness and loss of flesh. Colic and diarrhea arc frequently 
observed, or diarrhea and constipation may alternate. These symp- 
toms are naturally more liable to occur from the administration of 
mercury by the mouth than by other channels, as here the action after 
absorption is reinforced by the direct local effects. Some Sever is some- 
times noted, but this is secondary’ 1° the affection of the mouth, bowel 
or skin, nnd is not directly attributable to the mercury'. 

Occasionally shti eruptions are seen when mercury is given by the 
mouth, but much more frequently when it is applied to the skin. In the 
latter case they are not limited to the point of application, although 
they often begin from it and spread over a large surface of the body. 
They vary greatly in form, consisting of small reddish spots, large red 
erythematous surfaces, urticaria, or eczema, each of these occurring 
alone or in succession, and being usually followed by desquamation. 
The eruption gcneralh lasts only one to three weeks, but in some eases 
has not entirely disappeared until three months after its appearance, 
and hi others has returned repeatedly afterwards. It is said to have 
been induced occasionally by a single dose of calomel. 

The urine h often somewhat increased, but may be decreased after- 
wards, and it not infrequently contains albumin. Gheowia is rare in 
man, hut has been frequently observed in rabbits after prolonged treat- 
ment with mercury . 

A general condition of caches may lx? induced by these dborders, 
nnd is marked by pallor, anemia, emaciation, weakness and restless- 
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ness, with a tendency to fainting and disturbed sleep. The pulse is 
small, weak and quick, and the patient often complains of breath- 
lessness. 

Affections of the central nervous system are rarely induced now by the 
abuse of mercury in therapeutics, but still occur in the case of workers 
in mercury mines, in mirror, barometer, thermometer, and other 
manufactories, in which mercury is used and its fumes are inhaled by 
the workmen for prolonged periods. One of these affections is the 
mercurial erethism, a condition of abnormal irritability, timidity or 
shyness, accompanied by great muscular weakness, and sometimes 
developing into sleeplessness, delirium and transitory hallucinations. 
Another well-known form is the mercurial tremor, which affects the 
hands and arms first, later the legs, and sometimes extends over all 
the muscles of the body. Shooting pains along the nerves or in the 
joints are sometimes complained of, circumscribed areas of partial 
anesthesia, amblyopia, anosmia or deafness have been described, and 
in some cases localized paralysis of the muscles of the arm or leg Has 
been induced. 

The symptoms of mercurial poisoning, both acute and chronic, in 
animals, resemble those in man closely. 

Action— Lower Forms of Life. —Mercury is destructive to living 
matter wherever it comes in contact with it in sufficient concentration. 
This poisonous action is naturally much more evident when soluble 
preparations are used than when die oxides or calomel are in question. 
Thus corrosive sublimate in a solution of one part in 50,000 destroys 
infusoria in some twenty minutes, and even one part in one inillion kills 
algre in the course of a few days. Mercury in a dilution of 1 in 200,000 
destroys spirochetes in the test-tube, but its spirocheticidal action 
in vivo is feeble. The therapeutic dose necessary to cure experimental 
syphilis in animals approaches the lethal. Mercury has little effect m 
malaria or trypanosomiasis, that is, it does not injure the organisms of 
these diseases in the same degree as it does that of syphilis. The bacteria 
are somewhat more resistant than these forms, but corrosive sublimate 
is said to delay the development of some of these in a solution of 1 part 
in 1,000,000, and the anthrax bacillus fails to grow in blood which 
contains 1 part in 8,000. A solution of 1 part in 1,000 is generally regarded 
as' capable of disinfecting fluids completely in the course of a few hours. 
Much lower concentrations act as antiseptics if given sufficient time, 
time being necessary for the absorption and subsequent penetration 
of the metal. The presence of organic matter reduces the antiseptic 
action, so that mercury is not generally suitable for rapid disinfectant 
action, especially in the presence of excess of proteins. There is no 
doubt, however, that corrosive sublimate and the other soluble salts 
of mercury are among the most powerful antiseptics at present avail- 
able. The insoluble preparations are less poisonous, owing to the 
difficulty in bringing them into intimate contact with the microbes. 

In the Higher Animals and in Man the same destructive effects arc 
induced by the mercury preparations. The corrosion of the mouth, 
throat and stomach when the bichloride is swallowed, has already 
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been mentioned. When it is applied to the other mucous membranes, 
similar effects are obtained, and when it is injected hypodermically, 
even in dilute solution, it induces intense pain, swelling' and inflam- 
mation, which h rarely followed by suppuration, but which may result 
in the formation of cicatrices. 

When solutions of corrosive sublimate are applied to the skin. tbe\ 
cause a feeling of numbness very often; but when very strong solutions 
come in contact with tender parts of the skin, and in particular, when 
the salt itself is allowed to lie in contact with it for any length of time, 
deep corrosion, necrosis, and sloughing may follow. Even the insoluble 
preparations are liable to set up irritation when they are rubbed into 
the skin, especially if there is any pretesting tendency to cutaneous 
eruption. 

After absorption, mercury acts more especially on the alimentary 
tract and on the kidneys, although other organs are not exempt from 
its effects. 

The Salivation and Stomatitis, which are so frequently seen under 
mercurial medication, are obviously not due to the local action of the 
drug on its way to the stomach, for they occur equally readily when it 
is applied by hypodermic injection or by inunction. The saliva is 
sometimes excreted in enormous amounts, many liters of it being 
poured out in the course of twenty-four hours. It contains mercury, 
and has therefore a metallic taste, and tends to irritate the lips and 
skin where it comes in contact with them. In extreme oa?es it leads 
to sleeplessness from its accumulating in the back of the throat and 
awakening the patient with a feeling of suffocation. The stomatitis 
is due to the excretion of mercury by the glands of the mouth and 
throat. The irritation caused by the metal leads to excoriations, and 
these to the formation of ulcers, particularly where microbes are present 
in large numbers, as around carious teeth. The necrosis of the jaws 
arises from these ulcers penetrating to the bone and setting up periostitis, 
for mercury in itself has no specific action on bone. 

Mercury has less direct effect on the Stomach, though congestion 
and even small hemorrhages in cases of poisoning indicate that it is 
not entirely immune; the loss of appetite and malnutrition in chronic 
poisoning are ascribed to the presence of mercury in the saliva rather 
than to its affecting the gastric functions directly. In the Intestine, 
on the other hand, mercury is excreted in larger amount, and induces 
very distinct lesions. The parts affected are the cecum and colon, 
while the small intestine often escapes- almost entirely. The action of 
mercury is evidenced by hyperemia, redness and swelling of the mucous 
membrane, which later develop into necrotic surfaces and ulcers along 
the folds, these lend it an appearance almost indistinguishable from 
that of chronic d\ renter} and raa> eventually end in perforation. The 
symptoms from the intestine are in accordance with the lesions, consist- 
ing of constant purging with very fluid, sometimes rice-nater, stools, 
intense pain and tenesmus, blood and fragments of mucous membrane 
in the feces. 

The Purgative Action of mercury may be described here. The soluble 
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preparations and even those which are insoluble but are readily changed 
to soluble forms are too irritant to the stomach to be employed for their 
action on the bowel. But certain preparations pass through the stomach 
in an insoluble form and slowly unfold a mild irritant action on the 
bowel mucous membrane, and, rendering it more sensitive to the presence 
of its contents, increase the peristalsis in the same way as the vegetable 
purgatives.' Calomel was formerly widely used as a purgative but has 
been replaced in large part by less toxic vegetable and synthetic cathar- 
tics. When calomel is administered a certain amount is absorbed 
into the tissues and is finally excreted in tire urine, but in ordinary con- 
ditions this is small. But when calomel fails to evacuate the bowel, 
absorption may occur in larger measure, and severe poisoning may 
follow. 

Small doses generally cause a soft stool without pain or straining, 
but after larger amounts there may be a considerable amount of fluid. 
In some people nausea and griping occur with calomel. Purgation 
usually takes place in eight to ten hours. The stools are often of a 
gray-green color and this has been attributed to the putrefaction of the 
bowel being lessened, so that the bile retains its original tint. But 
mercury acts when no bile reaches the intestine and the stools are of 
the same greenish color, so that it seems likely that this arises from the 
presence of some mixture of mercury sulphides in the stool. 

Mercury is generally believed to act mostly on the small intestine, 
increasing the secretions and accelerating the passage of its contents. 

The mercurial purges, and in particular calomel, have often been 
credited with increasing the secretion of the Bile, but they have not 
been found to have any effect on the secretion escaping from a biliary 
fistula. There is no experimental or clinical evidence that the liver is 
in any way affected directly by mercury. The “biliousness” which is 
so often relieved by calomel or blue pill, is due, not to the liver, but to 
disorder of the alimentary tract. 

Mercury has no such powerful effect on the Unorganized ferments of 
digestion as it has upon the microbes, for though large amounts of the 
soluble preparations precipitate the pepsin in artificial digestion ex- 
periments, smaller quantities have little effect. Calomel has no action 
on the digestive ferments, but may retard the putrefaction in the 
intestine, and thus limit the decomposition of the food. Its antiseptic 
action is aided by the increased peristalsis which follows its use, and 
which removes the decomposing mass from the canal. 

The Kidney is affected by mercury, a moderate dose of calomel induc- 
ing marked diuresis, particularly in cases in which there is a large accu- 
mulation of fluid in the body, as in dropsy from heart disease. When 
purging follows the administration of the mercurial, less diuretic effect 
is observed. In normal individuals and in animals the diuretic action 
is generally weaker; the kidney is affected directly and not through 
changes in the circulation. 

In acute mercurial poisoning, when death does not follow in the 
course of a few hours, anuria is often observed with inflammation and 
necrosis of the epithelium of the tubules. The whole organ is congested 
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and the glomeruli are in a state of acute inflammation, but the necrosed 
tubules are the most prominent feature. Very generally in the rabbit, 
less often in the dog and in man, these are filled with a deposit of phos- 
phate of calcium, which is thrown out in the necrosed cells, and ns these 
break up, passes into the tubules. It may be remarked in passing that 
several other poisons, such as bismuth, and atom, occasionally induce 
tin's deposit of lime in the kidneys. 

This renal necrosis occurs chiefly in corrosive sublimate poisoning, 
as the more slowly absorbed, insoluble preparations apparently do not 
often accumulate in sufficient quantity in the blood to induce such 
severe effects. At the same time, albumin or casts arc often observed 
in the urine from the treatment of syphilitic patients with mercury' in 
any form. The more marked the action on the intestine, the less destruc- 
tion of the kidney is observed in cases of severe poisoning. 

The action of mercury on the Nervous System is very’ obscure. In 
acute poisoning the intellect often remains clear to the end, and no 
symptoms pointing to any direct affection of the central nervous sys- 
tem arc observed. In chronic poisoning, however, the higher centers 
are undoubtedly involved in the effects, as is shown by the erethism 
and occasional hallucinations. The tremor also is probably of cerebral 
origin though this is not yet certain, and the general muscular weak- 
ness is not due to the peripheral muscles and nerves being affected, 
but to the alterations in the centers. The paralysis sometimes observed 
in the arms or legs in workers in mercury, and the areas of partial 
anesthesia and the pains in joints probably arise from peripheral 
neuritis. In some cases, especially where the tremor is marked, the 
reflex excitability of the spinal cold has been found to be exaggerated 
but it is generally unaffected. The muscles do not seem to be acted 
on directly in either acute or chronic poisoning in mnn, and even when 
paralysis is developed, they maintain their irritability and do not 
atrophy. 

Changes in the Blood Corpuscles have been observed under mercurial 
treatment in a number of instances, but these arc not remarkable. 
Mercurial poisoning is sometimes accompanied by a leucocytoMS which 
at times may involve principally an increase in 1 he monocytes. 

Mercury has no effect on the Temperature in itself, but when stoma- 
titis or skin eruptions arc developed, some fever generally accompanies 
them, while in collapse the temperature may fall several degrees below 
the normal. 

Distribution. — After its prolonged use mercury is found in almost 
every organ of the body, but larger quantities are found in the kidney, 
liver, spleen, intestinal wall, skeletal muscle, lx>ncs mid lungs. In cases 
of acute poisoning through absorption from the $ul>cutnm‘ou.s ti«Mie or 
from wounded surfaces, the distribution is the same. 

Mereurv is Eliminated by almost nil the excretory organ 1 !, but most 
largely by" the intestine and kidney. It has l>een found in small quanti- 
ties in the perspiration, milk, «ali\n, gastric juice and bile, and has 
been shown to pass to the fetus tn tifero through the placental circula- 
tion. The excretion in the urine begins within an hour when mercury is 
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injected intravenously, but more slowly by the ordinary methods of 
administration; for example, after inunction, none may be found for 
twenty-four hours. The quantity eliminated daily rises slowly during 
the treatment and then falls gradually. The excretion is very slow and 
varies according to the method of administration; most of it is excreted 
within six days but after the usual methods of administration in syphilis 
mercury may be found in the urine for months and in some cases for 
years after the last dose. The administration of potassium iodide does 
not accelerate the elimination of mercury. 

Therapeutic Uses. —For over three hundred years mercury was the 
principal drug used in the treatment of Syphilis, having been introduced 
for this purpose just before the beginning of the sixteenth century. 
With the discovery of arsphenaminc, mercury retained its importance as 
a supplementary form of therapy used in conjunction with the organic 
arscnicals. However, because of its toxicity and inferior therapeutic 
value compared to bismuth, the latter metal has displaced mercury 
which is now only rarely used, except for prophylaxis of syphilis. For 
this purpose the ointment of mild mercurous chloride (calomel) is applied 
by inunction within an hour after exposure. 

The mercurials were formerly largely used as occasional Purgatives 
for acute constipation, not so frequently in chronic constipation. In 
“biliousness” and in the diarrhea of putrefaction they had a high repu- 
tation, but their action here is not materially different from that of other 
purgatives. Very often a mercurial was taken at night and followed 
in the morning with a saline purgative such as Scidlitz powder. There is 
a marked variation in individual response to calomel; 30 mg. may 
produce as free purgation in one individual as 0.3 gram in another. It 
occasionally produces nausea and griping. In recent years the use of the 
mercurials as purgatives has been for the most part discontinued, these 
drugs being replaced by the less toxic vegetable and synthetic cathartics. 

Calomel and other mercurials have long been known to be of value as 
Diuretics in cases of Dropsy. However, because of its cathartic effects 
and the uncertainty of its absorption from the intestine, calomel has 
been replaced as a diuretic by a group of organic mercurials. These 
presumably act by interfering with the rcabsorption of water by the 
tubules. As with other mercury compounds, these compounds must be 
used with caution to prevent the cumulative toxic effects. They are 
particularly effective in edema due to congestive heart failure, but are 
also sometimes of value in nephrotic edema and ascites due to portal 
obstruction. The diuresis which follows the administration of the 
mercurial diuretics begins two to three hours after their administration 
and is over after twelve to twenty-four hours. The diuretic action is 
potentiated by the administration of acid-forming salts such as am- 
monium chloride which are best given at least forty-eight hours before 
the mercurial compounds are injected. 

Mercurin, /3-meth oxy-Y-hydroxymercuri-propy 1 amid e of trimetbyl 
cyclopentane dicarboxylic acid, is used as a diuretic in the form of its 
sodium salt combined with theophylline, one of the xanthine diuretic* 
described on page 394. This combination of mercurin and theophylline. 
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designated as mcrcurophy {line, was introduced under the trade name, 
Mercupurin, and is available in 1 and 2 cc. ampules for intramuscular 
injection and in the form of enteric coated tablets. 
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Mere alyl, a complex mercury derivative of salicylic acid was introduced 
under the trade name, Salyrgan, and is also used in combination with 
theophylline. This combination produces less local reaction on injection 
than mersalyl .alone and is somewhat more effective. Mersalyl and 
theophylline is given by intramuscular or intravenous injection in doses 
of 1 or 2 cc. of a 10 per cent solution. Injections should not be given 
more frequently than every three or four days. An enteric coated 
tablet of the same drug (0.0S grams mersalyl and 0.04 gram theophylline 
coated with shellac) may be given daily for one or two weeks as an 
adjunct to parenteral medication, with rest periods of one or two weeks 
between courses of treatment. 
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Mcrba.pb.en, another of the mercurial organic diuretics was introduced 
under the trade name, Novasurol, and is a double salt of sodium rner* 
curichlorphenyl oxyacetate with barbital. It is administered intra- 
venously or intramuscularly once or t\\ ice a week in doses of 0.5 to 2 cc, 
of a 10 per cent solution. 
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Meralluride sodium, sold under the trade name, mercubydrin, is the 
sodium salt of methoxyoximercuripropylsuccinylurea— theophylline. It 
is administered intramuscularly jn doses of 1 to 2 cc. 
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The use of mercury compounds as. Disinfectants and Antiseptics is 
described under this heading on page 785. 

Numerous ointments have been applied externally in the treatment 
of Skin Diseases, particularly those of a parasitic nature, such as itch, 
and in condylomata, ulcers, and skin diseases of syphilitic origin. These 
preparations combine a disinfectant with a more or less irritant action, 
and unlike carbolic acid and its allies, are equally powerful antiseptics 
in ointments and in water. Other external applications are the plasters 
and the black wash. Ointments containing calomel, corrosive sublimate 
and other preparations are sometimes prescribed, or calomel may be 
used as a dusting powder in syphilitic ulcers and as a prophylactic 
against infection. The mercury ointments are frequently applied to the 
eye, the milder ones as antiseptics and slight irritants, citrine ointment 
to destroy granulations. 

The nitrate of mercury and its ointment (citrine) are sometimes 
used as caustics for application to the os uteri, condylomata, and 
elsewhere. 

Mercury treatment is Contraindicated, or requires special caution in 
cases of profound cachexia, weakness or anemia. Where the digestion 
is weak and in cases of tuberculosis, it ought to be avoided if possible. 
In severe nephritis it is also to be used with caution, although it is 
beneficial in some cases, and although some authorities deny that it is 
injurious even when it* has no diuretic action. In pregnancy mercury 
is not absolutely contraindicated, at any rate up. to the sixth month. 
Later it is liable to injure the patient by its action on the digestion, 
and in some cases has induced abortion; the child may also suffer from 
mercurial poisoning. Mercurial ointments or dusting powders have to 
be used with care when iodides are being administered internally, as the 
iodide of mercury may be formed and may cause violent corrosion. 
Thus in the eye, severe effects have been induced by the application of 
calomel to the cornea while iodide of potassium was being given. 

In cases of Acute Corrosive Poisoning, the indications are the evacua- 
tion of the stomach, preferably by the stomach tube. Tannic acid, 
or eggs, milk and other albuminous substances should be given to pre- 
cipitate the metal and protect the mucous membrane. 

Subsequent therapy consists principally in maintaining a normal 
composition of the body fluids and protecting the kidney from the 
toxic action of mercury. For this purpose large amounts of fluids should 
be administered to maintain a copious diuresis. Acidosis should be 
overcome by the use of alkalies. Blood transfusions are indicated if 
symptoms of shock appear. Colonic irrigation with isotonic saline is 
used to lessen the irritation of the colon resulting from the excretion of 
the metal through the gut. Rosenthal introduced the use of sodium 
formaldehyde sulfoxalate in acute mercury poisoning, the stomach 
being first washed out with a 5 per cent solution, and about 200 cc. left 
in the stomach. Immediately afterwards 10 grams of the drug dissolved 
in 100 to 200 cc. of distilled water is slowly injected intravenously, from 
twenty to thirty minutes being allowed for the injection. The antidotal 
action of sodium formaldehyde sulfoxylate depends on the reduction of 
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soluble mercuric salts to the less soluble mercurous compounds by this 
drug. This treatment is only effective if it is given immediately after 
poisoning. Its value thereafter is questionable (Monte and Hull). 
Decapsulation of the kidney may be tried in cases of acute mercury 
poisoning which are not yielding to appropriate medical treatment but 
operative treatment is futile if the patient is moribund or if gangrenous 
colitis is present. (See also "Bal,” p. 17G) 

Chronic Poisoning is treated symptomatically. Careful mouth and 
dental hygiene are indicated. Diarrhea may be treated with opium. 
Iodide of potassium and hot baths or sulfur baths arc often advised 
in chronic poisoning with the view of accelerating the elimination of the 
ractal, but careful estimations have shown that they have no such effect. 


Preparations 

U.S.P 

Hyprarqyri Bichloiudcm, Corrosive Sublimate (HgCl»), forms heavy, 
colorless crystals without odor, but possessing an acrid, metallic taste, soluble 
in 10 parts of cold water, m 2 parts of boiling water, in 3 parts of alcohol. 

Htdrarotri Chloiudum Mite, mild mercurous chloride, Calomel (Hg,Ch), 
a heavy* white powder, without odor or taste, insoluble in water, alcohol and 
ether. Dose, 0.12 gram; in powder or tablets, less suitably in pill form 
Hn>!unarfu Oxidum Flavum, yellow mercuric oxide, an orange-yellow, 
impalpable powder, almost insoluble in water 
Hydrargyri Salic yxas, a white or yellowish powder, practically insoluble 
in water. Dose, 0.0G gram, in od, intramuscularly 
Hydrargyri Saucy las, mercuric salicylate (HgCjH*Oi), a white or slightly 
yellow or slightly pink ponder, insoluble in water. Dose, 0.0G gram, in oil, 
intramuscularly. 

IItdraroyri Sitcci.vimidum, mercuric succimmide (C«H,N,O.Hg), a white 
crystalline powder, soluble in water. Dose, 0 015 gram, intramuscularly 
Hydrargyrum, mercury', quicksilver, a bright shining silver white metal, 
liquid at ordinary temperatures Used in the preparation of Hydrargyrum Cum 
Creta and Unguentum Hydrargyri Forte and Mite. 

Hydrargyrum Ammootatum, mercuric ammonium clilotide, white precipitate 
(NHJigCl), is formed by precipitating corrosive sublimate with ammonia, and 
is a white, amorphous powder, without odor and with an earthy, metallic taste, 
almost insoluble in water and alcohol. . 

Hydrargyrum Cum Creta, mercury with chalk, Gray Powder, is formed 
by rubbing up metallic mercury with chalk and honey until the mercury is 
divided into very fine globules, each encased in chalk. It forms a light-gray, 
somewhat damp powder, without odor and with a sweetish taste from the 
honey The mercury (38 per cent) remains in the metallic state, very’ little 
oxide being formed, It is insoluble m water, alcohol and ether, and is always 
prescribed in powder form Dose, 0.25 gram. ... 

Iwectto Hydraroyri Salicylatis, a sterile suspension of mercuric salicylate 
in oil Dose, 0.1 gram intramuscularly' , 

Injectio MERcrmopHYLUN.e, a sterile solution m water of the sodium salt 
of 0 -metbo 3 ty- 7 -hydro\yraercuri propylamide of trimethyl cyclopentane dicar- 
boryhc acid and of theophylline Dose, 0.14 cram intramuscularly. 

Mersalyl (Ci S H,tHgNO e Na)> a white crystalline powder, soluble in water 
The double salt of mersalyl and theophylline is available as Injectio Mersahs et 
Theophyllina; for intramuscular injection Dose, 0.3 gram. 

Oleatum Hydrargym, oleate of mercury, has been used for the same pur- 
poses as mercury ointment, but is somewhat more irritant and possesses no 
compensating virtues. It contains 25 per cent of yellow mercuric oxide in oleic 
acid. 
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ToxjtabelIuE Hydrargyri BrcHLORiDT, MagnjE and Part®. The large 
tablets contain about 0.5 gram of HgClj, the small, 0.125 gram. 

Unguentum Hydrargyri Ammoniati, a 5 per cent ointment of ammoniated 
mercury. 

Unguentum Hydrargyri Forte, mercurial ointment, is formed by tritur- 
ating metallic mercury with wool-fat and petrolatum until the globules are 
invisible when magnified 10 diameters. The ointment contains about 50 per 
cent of metallic mercury. 

Unguentum Htdrargyri Mite, Blue Ointment, contains 33 per cent of 
mercury. 

Unguentum Hydrargyri Oxidi Flavi, a 1 per cent ointment of yellow 
oxide of mercury. 

B.P. 

Hydrargyri Iodidum Rubrum. Dose, 0.002 to 0.004 gram. 

Hydrargyri Oxidum Flavum, yellow mercuric oxide, an orange-yellow 
amorphous powder, insoluble in water. 

Hydrargyri Oxycyanidum, a white powder, soluble in about 18 parts of 
water. By intramuscular injection, 0.005 to 0.01 gram; by intravenous injection, 
0.01 gram. 

Hydrargyri Perchloridum, mercuric chloride, corrosive sublimate. Dose, 

0 non n run „„m 

* el. Dose, 0.03 to 0.2 gram. By intra- 

• ' precipitate, a white powder insoluble in 

water. 

Hydrargyrum Cum Creta, gray powder, 1 part of mercury with 2 of chalk. 
Dr 

■ ric oleate, contains the equivalent of 20 per 

ce’ ’ 

Injectio Hydrargyri, 10 per cent in wool-fat, olive or arachis oil, camphor 
and creosote. Dose, 0.3 to 0.6 mil. by intramuscular injection. 

Injectio Htdrargyri Subchloridi, 5 per cent in wool-fat, olive oil, etc. 
By intramuscular injection. Dose, 0.6 to 1.2 mil. 

Liquor Arseni et Hydrargyri Iodidi, Donovan's solution. Dose, 0.3 to 

1 mil. 

Liquor Hydrargyri Perchloridi, 0 1 per cent in distilled water. Dose, 

2 to 4 mil. 

Lono Hydrargyri Nigra, contains black mercurous oxide from interaction 
of calomel with calcium hydroxide. Used as a local remedy in syphilitic lesions. 

Mersalylum. Mersalyl (Salyrgan) contains 39.6 per cent of mercury. It is 
very soluble in water. Injectio mersalyli (B. P.) is a 10 per cent solution. Dose, 
0.5 to 2 mil. by intramuscular or intravenous injection. 

Oculentcm Hydrargyri Oxidi, 1 per cent. 

Pilula Hydrargyri, blue pill, 33 per cent. Dose, 0.25 to 0.5 gram. 
TabelluE Hydrargyri Cum Creta, tablets of mercury with chalk. Dose, 
0.06 to 0.3 gram. 

Tabeliu® Hydrargyri Subchloridi, tablets of mercurous chloride. Dose, 
0.03 to 0.2 gram 

Unguentum Hydrargyri, blue ointment, 30 per cent. 

Unguentum Hydrargyri Ammoniati, 2.5 per cent in simple ointment. 
Unguentum Hydrargyri Compositum, 12 per cent. 

Unguentum Hydrargyri Dilutum, dilute ointment of mercury, 10 per cent 

, . . . . « \ . * •' * ' • - ..A : 1 JJt.itwf 


one part in five. 

Unguentum Hydrargyri Oleati, 25 per cent in simple ointment. 
Unguentum Hydrargyri Subchloridi, 20 per cent in simple ointment. 
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VIH. MINOR METALS 
Gold 

Gold has been used at various times as a therapeutic agent generally 
for fantastic reasons. In recent years, however, it has been subjected to 
more scientific scrutiny, especially as a possible remedy for tuberculosis, 
lupus erythematosus, and arthritis. Its use in tuberculosis has been 
abandoned and its value i» rheumatoid arthritis is still in the experi- 
mental stages On the other hand, the administration of gold salts has 
found a place in the treatment of certain cases of lupus crythematosis. 
In this disorder a gold salt is injected intravenously at weekly intervals 
beginning with 10 mg. and gradually increasing the dose to 50 mg, 
at which level therapy is continued with occasional rest periods. Gold 
is of value only in the fixed and afebrile types of the disease and is con- 
traindicated when the disorder becomes disseminated. Recurrences arc 
not uncommon. 

Gold is most frequently used in the form of gold sodium thiosulfate. 
Other preparations which have been used are sodium auro thiosulfate 
(Sanocrysin), 4-ammo-2-aurothiophenol carbonic acid (Krysolgan), sodi- 
um aurothiobenzimidazole carboxylate (Triphal) and gold sodium 
thioraalate (Myochrysiue). 

Preparations containing gold arc very toxic and their use is attended 
frequently with severe reactions which may terminate in death. 

Of the disagreeable effects observed in human beings, the more com- 
mon arc rise of temperature, nausea, and vomiting, rashes, diarrhea, 
ulceration of the mouth, rectal spasm, and albuminuria. The dermatitis 
may be severe. Toxic hepatitis, purpura, aplastic anemia and ngrnnu- 
hxrv tosis also occur. 

When given by mouth, soluble gold salts acts as gnstro-intcstinnl 
irritants and readily produce vomiting. Intravenous!), given they 
produce a fall in blood-pressure, due especially to dilatation of the 
mesenteric vessels. In chronic poisoning, loss of weight with ulceration 
of the stomach and intestine arc the most conspicuous effects. 

Platinum 

Platinum resemble* cold in its action, but is more poisonous. It is not uwl 
therapeutically. 
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Chromium 

Chromium-is used in medicine in the form of chromic acid and the bichro- 
mate of potassium, which are both powerful oxidizing bodies in addition to 
their poisonous action as metallic oxides. The former property renders them 
more irritant and corrosive than most of the salts of the heavy metals. Chromic 
acid in particular is a powerful caustic, combining the action of a metallic 
oxide, an acid and a strongly oxidizing agent. Applied to the'skin in substance 
it corrodes it, but is said to cause less pain than the more penetrating caustic 
potash. Even in dilute solution, the chromic salts and the acid act as skin 
irritants. In industrial poisoning by chromium, the chief symptoms are diffuse 
dermatitis, usually on the hands or forearms, frequently with deep perforating 
ulcers. These ulcers arise from any abrasion of the skin, and the cartilaginous 
septum of the nose is also a common seat of ulceration which eventually leads 
to perforation. They are due to the local action of the poison and not to its 
absorption; they are said to be almost painless. The inhalation of the dust 
leads to chronic bronchitis, while that swallowed and absorbed may give rise 
to nephritis. 

Symptoms.— In acute poisoning, when a large quantity of the acid or of a 
salt is swallowed, the symptoms are those of gastro-intestmal corrosion, intense 
pain in the throat and stomach, vomiting and purging, with blood in the vomited 
matter and the stools, collapse, and frequently death. The mouth and throat 
are stained yellow, and the stomach and intestine exhibit the usual appearance 
of violent corrosive poisoning. 

The general action of chromic preparations may be elicited in animals by 
'subcutaneous or intravenous injection, or by the administration of smaller 
quantities by the mouth. The symptoms resemble those caused by the general 
action of other metals. In the mammal, weakness and slowness in the move- 
ments is followed by albuminuria, glycosuria, diarrhea, and vomiting. Some- 
times twitching of the muscles or even convulsions are seen, and then the weak- 
ness passes into general paralysis. The heart seems little affected by chromium, 
but the blood-pressure falls. After death, the stomach and bowel are found 
congested, and the mucous membrane is necrosed and ulcerated in some parts, 
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is said to occur. 

Chromii Trioxidum (U. S. P., B. P.), chromic acid or anhj'dride (CrOi), 
forms crystals of dark purplish-red color and metallic luster, odorless, very 
soluble in water. When brought in contact with organic substances, such as 
alcohol, glycerin or sugar, it oxidizes them rapidly and often violently with 
explosion. 


perspiration of the feet and to harden the skin. Weaker solutions (0.1 to 1 per 
cent) may be used in ozena, leucorrhea, etc. 

Manganese 

Traces of manganese are found in the blood and tissues of man and animals 
as well as in plants. It is one of the trace elements essential for life, although its 
role in this process is unknown. In fowls a deficiency of manganese gives rise 
to perosis. 

The salts of manganese in large quantities cause acute irritation of the stomach 
and intestine, like those of the other heavy metals, and a form of chronic poison- 
ing has been described in workmen exposed to manganese dust; the symptoms 
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are chiefly stolid mask-like features, hysterical laughter or grief, languor and 
sleepiness and similar psychical manifestations, and later motor disturbances 
irbicb are exhibited in s spastic gait, tremor and twitching of muscles, or cramps 
and stiffness and increased tendon reflexes. These symptoms are ascribed to 
lesions of the basal ganglia of the brain and 'when they are developed, no recovery 
occurs, although the patient may live many years. Manganese is absorbed from 
the alimentary tract only m very small quantity, and it appears to resemble 
iron closely in its course through the tissues Its general action has been elicited 
by the hypodermic or intravenous injection of double salts. In mammals large 
injections induce epileptiform convulsions, particularly in the rabbit and guinea- 
pig. Smaller quantities, which cause a less acute intoxication, induce in the 
dog nausea and vomiting, diarrhea, weakness, somnolence, stupor, and death 
from arrest of the respiration. The urine is often increased, and contains bile 
pigment, and, toward death, albumin and casts. The stomach and bowel present 
no congestion or ulceration m these cases. Manganese is found in the vomited 
matter and the stools, in the liver, kidney, and intestinal wall, to a less extent 
m the other organa. Io acute poisoning in mammals the blood-pressure falls, 
from depression and paralysis of the vasomotor center, while the heart is affected 
only much later. In subacute poisoning the darker color of the urine indicates 
icterus, but this is much more marked when small quantities are repeatedly 
injected into the subcutaneous tissues, and chronic poisoning induced. In 
chronic cases the nephritis, which is shown in the acute poisoning by albuminuria, 
is also more developed, the inflammation commencing in the cells of the tubules 
but later involving the interstitial tissue, if the animal lives long enough. Man- 
ganese injected hypodermically is excreted chiefly by the intestinal epithelium, 
bile and to a less extent by the kidney. In small repeated doses it causes liver 
cirrhosis. 

The only preparation of manganese used in medicine is potassium perman- 
ganate which is referred to later (p. 791). 

Cadmium resembles zinc very closely in its effects, but is more toxic. In 
some ways it behaves like mercury in the system. It has been suggested that 
the illness which may occur in smelter workers is due to cadmium, which is 
alwayB present as an impurity in zme, and which is found in the liver m these 
cases. Poisoning characterized by acute gastro-enteritis has resulted from the 
ingestion of Email quantities of cadmium dissolved by acid foods or drinks 
placed in containers made of this metal 

Nickel is of interest only from a toxicological point of view. Following the 
injection of nickel salts m mammals, the usual symptoms arising from the action 
on the intestine and kidney are accompanied by tremors and chorea-like move- 
ments, later by tetanus, and finally by paralysis. Nickel also causes a profound 
fall in blood-pressure resembling that from arsenic and apparently arising from 
direct action on the walla of the arterioles and capillaries Strongly acid food 
may form nickel salts when it is cooked in vessels made of this metal, but no 
poisoning results, either because the quantity ingested is too email or because 
it is too slowly absorbed from the stomach and intestine. Nickel often enures 
a dermatitis in workers engaged in nickel plating (nickel eczema). This con- 
dition may also result from contact of the skin with objects made of nickel. 
The condition is characterized by an edematous exanthem with miliary \es teles. 

The gas, nickel carbonyl, Ni(CO),, formed when CO is passed over finely 
divided nickel, has produced poisonous effects when inhaled, the chief symptoms 
in man being cyanosis, dyspnea with bloody sputum, edema of the lungs and 
later involvement of the nervous system. 

Cobalt resembles nickel in its genera! effects and toxicity. It has the remark- 
able property of stimulating the bone marrow and inducing polycythemia when 
fed to rats. In certain areas of the world, sheep suffer from an anemia similar 
to that of chlorosis. The addition of small amounts of cobalt to the diet is 
curative of this condition Cobalt ia not one of the trace elements csrentf.il for 
the treatment of the milk anemia of rata nor has it been shown to be essential 
for hemoglobin formation in any condition except the one noted alxn e in sheep 

Tin salts paralyze the central nervous syEtcm in the frog, and later the heart 
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In mammals diarrhea, colic, vomiting and general weakness are observed, 
along with paralysis of some parts of the central nervous system and stimulation 
of others, leading to ataxia, stiffness and irregularity of the movements and 
occasionally convulsions. The sulfide is said to be deposited in the lymph spaces 
of the intestines in the same way as in bismuth poisoning. General poisoning 
may be induced by the administration of the salts by the mouth, even when 
there is no corrosion of the mucous membrane. Tin is often present in preserved 
foods containing acids, from being dissolved off the vessels, and is certainly 
absorbed, for it has been detected in the urine after the use of such articles. 
Apparently it is not often present in sufficient quantities to induce poisoning, 
for although some cases of “tin poisoning” are met with in medical literature, 
in none of them has it been satisfactorily established that tin was the cause. 
Chronic poisoning from this cause is unknown, and animals present no symp- 
toms from prolonged treatment with larger quantities of tin than are contained 
in any preserved foods. 

Thallium is a highly toxic metal and many cases of poisoning have resulted 
from its use as a depilatory ? exposure to the metal in industry and the accidental 
ingestion of thallium-containing rat poisons. Thallium salts produce no immedi- 
ate effects beyond a relaxation of plain muscle, e. g., of the bronchi and uterus^ 

>y 
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depilatory in this condition has been abandoned in favor of the roentgen-ray. 
When 8 to 9 mg. of thallium per kilo is given as a single dose by mouth, the 
hair of the scalp begins to loosen about the seventh day, and to fall out dramat- 
ically on the fourteenth. It is complete by the nineteenth, and soon begins to 
grow again. Hair on regions other than the scalp is more resistant and does 
not fall out with this dosage. The depilatory dose is dangerously near the toxic 
dose. 

The toxic symptoms which may occur in chronic thallium poisoning are 
joint pains, especially in the lower limbs, peripheral neuritis, albuminuria, 

' ' 1 ’ ’ ’ ’ *dria, retrobulbar neuritis and stomatitis. The 

>ning occur within twelve to twenty-four hours 
salts and are referable mainly to the gastro- 

Thallium stimulates the autonomic reflexes, especially of the sympathetic, 
much in the same way as strychnine facilitates spinal reflexes (Dixon). 

Vanadium has given rise to poisoning in workmen in various industries in 
which it is used. These consist of diarrhea followed by severe constipation, 
anemia, emaciation and some indefinite nervous disturbances; albumin, casts, 
and blood often appear in the urine. Cough is a prominent and characteristic 
r • 1 1 ’ 1 * ’• * ' 1 1 -- f *’ ' i. Lesions are 

itoms observed 
other irritant 
■ the vanadates 

in animals causes a sharp rise in the arterial pressure from constriction of the 
peripheral vessels; this arises from an action on the muscle wall of the arterioles 
for the most part, though the myoneural junctions may also be involved. The 
intestinal walls and the bronchioles are similarly aroused to contraction by 
vanadates. 

Molybdenum and Tungsten resemble each other closely and induce typical 
metallic poisoning. 

Uranium, in addition to the ordinary features of metallic intoxication, causes 
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but the salts of telluric, selenious, and selenic acid induce symptoms resembling 
those of the heavy metals and arsenic in many points, and may be inserted in 
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this series. In mammals vomiting, purging, somnolence, dyspnea, tonic and 
clonic convulsions have been noted, and the stomach is found somewhat red- 
dened, the mucous membrane of the intestine swollen and dysenteric, while the 
kidneys seem less affected. The perspiration is prevented by tellurates, appar- 
ently from paralysis of the terminations o£ the secretory nerves similar to that 
induced by atropine. Loss of hair occurs in rats receiving tellurium in their 
diet. An early symptom of poisoning with these bodies is a garlic odor in the 
breath, and many of the organs are found of a grayish color after death, and 
possess this odor. Hofmeister has shown that these salts are reduced to metallic 
selenium and tellurium in the body, and that afterward methyl compounds 
(Te(CH»)«, Se(CHi)») are formed These are volatile, and, excreted by the 
lungs, urine and feces, give the disagreeable odor. The synthesis of methyl- 
tellurium is oneof the few known cases in which a compound with methyl is 
formed in the animal body, and is of some biological importance. All the selenium 
and tellurium is not excreted in this form, for some of it appears in the urine, 
and probably in the feces, in other combinations. 

Selenium causes a disease in livestock, “alkali disease" or "blind staggers” 
in the Dakotas, Kansas, Montana, Wyoming, and other Western States where 
the sod and vegetation are high m selenium content Appreciable amounts of 
selenium accumulate and deform the hooves of affected animals. This has been 
attributed to the replacement of sulfur which is present in high concentration 
m the hooves by the closely related element selenium. Acute selenium poisoning 
in cattle is also characterized by loss of vision, edema of the eyelids, lacriroa- 
tion, and erosion of the bones In chronic poisoning, growth is stunted, the body 
hair is lost and the animals become sterile The human population in highly 
eeieniferous areas also show a high incidence of gastro-intestinal symptoms and 
liver disease which has been attributed to the large amount of selenium ingested 
in the meat, eggs, milk and vegetables consumed (Smith and Westfall). 

Selenium oxychloride is a highly toxic and powerful vesicant which induces 
painful ulceration when brought m contact with the skin. 

Tellurates have been advised m therapeutics to prevent excessive sweating, 
and certainly have this effect, but are not to be recommended, as they are toxic 
and the strong garlic odor of the breath persists for days or even weeks after 
one dose. 

It is estimated that the intake of selenium in the human in endemic areas is 
about 0.2 mg. per kilogram of body weight per day (Smith). This is deposited 
in all the organs but particularly in the liver. There is no evidence of poisoning 
in man under these conditions > 

In animals toxicity varies and la dependent on other dietary factors. On a 
low protein, high carbohydrate diet poisoning is most apt to occur with resulting 
liver damage and serous effusions. 

Osmic Acid has been recommended as an i njection into the nerves m neuralgia. 
It is an intensely irritant substance, and seems to induce nephritis and diarrhea 
w hen absorbed. The greater part of the poison is, however, deposited as a black 
powder at the point of injection, owing to its being reduced by the tissues. 

Germanium, on account of its close chemical relationship with Rrscnic, has 
been tried in experimental and human anemias but has been discarded as of 
no value. 

Beryllium resembles aluminium m its effects but is more poisonous. It is 
absorbed from the alimentary canal and excreted by the kidneys and intestine 
A type of poisoning with fever and rigors has been described in workers who 
inhale the vapor of beryllium fluoride 

The use of berj Ilium m the manufacture of copper alloys has made this metal 
of toxicological interest A disease entity manifesting itself in dermatologic 
and respirator* tract manifestations occurs in workers in the bety. Ilium industry'. 
The skin disorders include dermatitis and chronic ulceration When the respira- 
tory tract is mvoh ed, the disease may progress to a diffuse chemical pneumonitis 
which may proxe fatal Prexcntive measures to eliminate fumes ami dust arc 
necessary to control the disease (Van Ordstrand, el al) 
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Cerium was formerly used in therapeutics in the sickness of pregnancy and 
similar conditions, but is valueless for this purpose. 

Radium is important in medicine because of its emanations which are destruc- 
tive to tissue and are used in the treatment of cancer. The gamma radiations 
from the mr 1 ' 1 ! " J -- in the body as does irradiation with 

the x-ray. ' i stored in the bones similarly to lead 

and its toxi -uctive effects of the alpha as well as 
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Radioactive isotopes of various elements have been prepared in recent years 
and used in physiological experiments (“tagged" elements) as well as in experi- 
mental therapeutics. Radioactive phosphorus has been tried in the treatment 
of polycythemia and leukemia; radioactive iodine, in carcinoma of the thyroid. 
The value of such therapy is still undetermined. 

Thorium.— The soluble thorium salts resemble those of aluminum in their 
local and irritant properties. Salts like the nitrate coagulate proteins, cause 
local sloughing * 1 ' ■ v j"‘ 11 1 " . ■ • ’ : * .■ ' ’ ' ‘ 

venously. The ’ " ■ . 

rhosis of the liv “ * . ‘ • • 

thorium oxide. Late deposition of thorium may occur in the bones. 

Thorium salts are radioactive and have been tried therapeutically for a 
variety of purposes. Thorium oxide • (thorotrast) is used to cast an opaque 
shadow to roentgen-rays, especially in radiography of the liver and arteries. 

Zirconium and Haffnium resemble one another in action and produce a fall 
of blood-pressure, stimulation, followed by paralysis of respiration and relaxa- 
tion of the isolated rabbit’s intestine (Neekirk). 

Yttrium resembles aluminium in action. The chloride precipitates proteins. 
It produces paralysis in frogs, and excitement, dyspnea and later paralysis in 
mice. 

Vincke and Oelkers have found that salts of the rare earths 
lanthanum, praseodymium, yttrium and cerium, when injec 
stream, cause an incoagulability of the blood that may last several hours. Large 
doses of these metals cause necrosis of the liver and hypoglycemia (Fischler 
and Roecke). 
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B. THE METALLOIDS 
I. BISMUTH 

The insoluble salts of bismuth have long enjoyed a reputation in the 
treatment of gastric and intestinal irritation, and have been advised in 
surgery as applications to granulating wounds. Intramuscular injections 
of bismuth have been widely used in the treatment of syphilis, where 
they have replaced the more toxic mercury. 

Symptoms. —The official bismuth salts are almost completely insoluble 
in water and consequently do not immediately precipitate proteins as 
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do the soluble salts of the heavy metals. Indeed what local action they 
exert seems to be due almost entirely to the mechanical effect of a fine 
insoluble powder. They are used externally as dusting powders, when 
they absorb moisture .and possibly toxins and have a sedative and pro- 
tective action. Applied to ulcers or wounds, they have a slight anti- 
septic action, again largely mechanical, though possibly, under certain 
circumstances, small amounts of insoluble bismuth salts may go into 
solution when allowed prolonged contact with the body tissues, and 
they may thus have an antiseptic action similar to that produced by 
the insoluble salts of the heavy metals. When ingested in therapeutic 
doses, they induce no marked symptoms, even after prolonged use. 
They have little or no taste, and pass through the stomach and intestine 
for the most part unabsorbed, as both the oxychloride which is formed 
in the stomach and the sulfide formed in the intestine are likewise 
insoluble. So given, they coat the internal surface of the stomach and 
intestine and act as sedatives and allay gastric and intestinal irritation. 
They do not secra to affect the passage of food through the stomach in 
most cases. In the intestine they often cause some constipation. They 
give the stools a black color, due to the formation of sulfide of bis- 
muth. which, by the removal of soluble sulfides, also tends to check 
diarrhea. 

Toxicity.— Very little of the bismuth swallowed is absorbed, hut traces 
appear in the untie of patients treated with it internally, so that some 
evidently passes into the blood. Enormous quantities of the insoluble 
bismuth compounds have been administered internally, especially in 
roentgon-ray examination of the stomach and intestine, without any 
symptoms of poisoning being elicited, but in one or two eases some 
stomatitis has occurred, while in other instances large concretions of 
bismuth have been found in the stomach and bowel. In n few cases 
fatal poisoning has occurred from nitrites being formed from the nitrate 
and loading to the formation of methcmoglobin in the blood Ceils, This 
danger may be avoided by using the carbonate instead of the suhnitratc. 
Some of the older writers describe serious poisoning from hi '-ninth, hut 
this was not due to the drag itself, but to the lead, arsenic, or antimony 
with which it was contaminated. A symptom formerly noted incases 
treated with bismuth was an extremely disagreeable odor in the breath, 
but this has been shown to tie due to the presence of tellurium in the 
preparation. Since its u*c was extended to won mid! surfaces, nud in 
the treatment i*f syphilis *c\crn! cases of serious intoxication have 
occurred. The swinptom* are salivation, stomatitis, swelling of the 
gums, tongue, and throat, pain mid difficulty in swallowing, a Mid. line 
along the gums or black patches in the mouth and throat, and gangrene 
of the soft palate am! other parts of the mucous membrane of the mouth. 
Vomiting, diarrhea tmd albuminuria follow, but the patients generally 
recover when the dressing is removed front the wound or injections dis- 
continued. Iddn lesions with pruritus, rrjthema, urticaria, dermatitis 
an<I mrrh hemorrhagic legions may follow bismuth therapy. Swtemic 
symptoms with malaise, nausea, headache, and vague Ixmc and muscle 
pain and oceaMonaHv ngramihvj tost* with origin a are observed drum- 
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dice, stomatitis, nephritis, and dermatitis are other complications 
encountered following therapy with bismuth. 

Action.— The general action of bismuth has been studied in animals by the 

sub— 4 ' ' ‘ * ' ' '.rate 

of . ‘ the 

spi ' . ■ % t 

In mammals also large doses act chiefly on the central nervous system. The 
respiration is accelerated, the heart slowed, and violent clonic and tonic con- 
vulsions follow at short intervals, during which the movements are weak and 
uncoordinated. Towards the fatal issue of the injection the heart often ceases 
entirely for some time and then regains its former rhythm quite suddenly. 
The blood-pressure falls, partly owing to the weakness of the heart, partly 
from depression of the vasomotor center. The cardiac effects— mainly a direct 
depressant action on the heart, with irregularities of which heart block is the 
commonest— have been described by Masson. 

Smaller quantities injected intravenously or subcutaneously into mammals 
induce a more chronic form of intoxication, which resembles that seen in man. 
The earliest symptoms are loss of appetite, vomiting and diarrhea, salivation 
and stomatitis with ulceration of the gums, tongue, and buccal mucous mem- 
brane. Weakness, slowness and incoordination of the movements follow, and 
except in very few chronic cases, tetanic convulsions occur at intervals The 
urine contains albumin and casts. The weakness gradually deepens into com- 
plete paralysis and the animal dies, generally without convulsions. The heart 
seems little affected in the chronic intoxication, but the blood-pressure is low 
from the intestinal irritation and general collapse. 

Besides the stomatitis and ulceration of the mouth, the post mortem appear- 
ances of chronic bismuth poisoning in animals consist of some congestion, 
inflammation and necrosis m the kidney, and an intense black coloration of 
the cecum and the upper part of the large intestine. This pigmentation is 
limited very exactly by the ileocecal valve, and extends throughout the thick- 
ness of the bowel wall. The mucous membrane may also be necrosed in places 
and ulcers and hemorrhages are met within it. The black coloration is due to 
a deposit of bismuth sulfide on the mucous membrane and in the capillary 
vessels and lymph spaces. Meyer and Steinfeld found that bismuth is excreted 
all along the alimentary canal, but in larger quantities in the cecum and large 
intestine than elsewhere, and they ascribe the ulceration to the precipitation 
of the sulfide in the vessels and the consequent arrest of the blood current. 

Bismuth is stored in the liver, kidneys, spleen, intestine and other organs, and 
is excreted by the urine, stomach, and intestine, but especially by the cecum 
and large bowel. It has been found in the saliva, sweat, milk and other secre- 
tions. It may pass through the placental circulation. 

The action of bismuth m acute poisoning in animal experiments seems there- 
fore to be exerted on the medulla and spinal cord, to a less extent on the heart, 
while in chronic intoxication the organs affected are those by which it is excreted 
—the mouth, kidney, and large intestine, especially the cecum. 

Therapeutic Uses.— Bismuth salts are employed as dusting powders 
or ointments in the treatment of ulcers and skin diseases, when they 
act as protect ives and mild astringents and antiseptics. The use^ of 
bismuth compounds as antiseptics is discussed under this heading 
(page 789). 

Bismuth has been used in gasinc catarrh and ulcer, where it acts 
simply as a protective powder with perhaps some astringent properties. 
It has been found that when swallowed it is at first deposited in the most 
dependent part of the stomach, but is later distributed evenly over the 
surface and forms a continuous sheet over any ulceration, which it thus 
protects from mechanical injury from the food, and also from the cherni- 
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cal action of the gastric juice. The subnitrate has been largely used for 
this purpose, but the carbonate is to be preferred if an antacid action is 
desired. Bismuth has also been used in diarrhea for its astringent and 
protective action on the intestine, which is again due to its being depos- 
ited on the mucous membrane and acting as a mechanical coating over 
irritated surfaces. If bismuth is prescribed with alkalies, the carbonate 
should be used, as the subnitrate is slightly acid in reaction. 

In 191G, Robert and Sauton used bismuth compounds in the treat- 
ment of rat trypanosomiasis and fowl spirillosis. Two years later, 
Kolle and Bitz demonstrated its effectiveness in experimental sy'philis of 
rabbits and in 1921 Sazerac and Levaditi introduced the use of bismuth 
in human sjphilotherapy. It has since then been extensively used and 
has largely replaced mercury as an adjunct to the arscnicals. Most 
bismuth compounds have little or no effect in syphilis when given by 
mouth; subcutaneous injections produce local irritation and are inade- 
quately absorbed, intravenous injections are too toxic and too rapidly 
excreted; so that intramuscular injection deep in the gluteal region 
is at present considered to be the most generally dependable method of 
giving bismuth in syphilis. When so given, small amounts pass into the 
circulation and tissues, and destroy the spirochetes or inhibit their 
multiplication. It is not possible to get into the blood a concentration 
of bismuth sufficient to produce immediate and complete destruction 
of the organisms; and treatment aims rather at the prolonged mainte- 
nance of a maximum tolerated concentration With a view to attaining 
this* a variety of compounds and preparations have been tried, including 
aqueous solutions of water-soluble compounds, aqueous suspensions, 
and solutions or suspensions m oils. As a rule soluble preparations are 
more rapidly absorbed, but are more liable to produce severe local 
reactions and toxic effects. The various preparations and their dosages 
are given in the accompanying table. 

A good deal of agreement has been reached as to the relative values 
of arsenic, mercury and bismuth in syphilis. The organic arsenicals 
are most rapid in action and until the introduction of penicillin uere 
considered preferable in the primary stages of the disease. Bismuth 
seems to be more rapid in action than mercury and less liable to produce 
toxic effects, so that it has displaced mercury in routine treatment. 

It is superior to mercury m tertiary and congenital syphilis. Like 
mercury it is of less value in neurosyphilis, though in locomotor ataxia 
it may produce definite subjective improvement. Bismuth in the basic 
form docs not readily penetrate the cerebrospinal fluid, but Hanzlik 
has shown that, in the form of an anion, e g.. as sodium iodobismuthite, 
it penetrates more readily. 

Bismuth appears to have a spirocheticida! as veil as a spirochetostatic 
effect. The optimal effects arc obtained by the use of compounds which 
maintain a constant therapeutic level of the metal in the blood as re- 
flected by the excretion of 2 mg. or more of bismuth in the urine daily 
The oil-soluble preparations are believed to be more exact tn their 
dosage than the insoluble suspensions and are absorbed and excreted 
less rapidly than the soluble bismuth compounds The aqueous solu- 
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tions, if injected two or three times a week maintain an effective con- 
centration in the blood stream. Oil suspensions require less frequent 
injections (one weekly). Sobisminol mass, a complex compound ob- 
tained by the interaction of sodium bismuthate, tri-isopropanolamine and 
propylene glycol is intended for oral administration. It is intended for 
use in patients who are unable to undergo intramuscular therapy. 

Some Bismuth Compounds Used in the Treatment of Syphilis and 
Included in New and Non-official Remedies (1945) • 


Common designation 

Bismo-cyrnol 


Bismuth cthylcamphorate 


Bismosol 


Bismuth sodium tartrate 


Potassium bismuth tar- 
' trate (U, S. P.) 


Bismuth subsalicylate 
(U. S. P.) 

lodobismitol 

Sobisminol mass 


Sobisminol solution 


Thio-bismol 


Chemical designation 
Basic bismuth camphocar- 
boxylate in oil solution 


Bismuth salt of d-catn- 
phoric acid mono-ethyl 
ester in oil solution 

Potassium sodium bis- 
muthotar trate in aque- 
ous glucose solution 

Basic sodium bismuth tar- 
trate in aqueous solu- 
tion 


Potassium bismuthyl tar- 
trate in oil suspension 
or aqueous solution 


Basic bismuth subsalicyl- 
ate 

Sodium bismuth iodide 
and sodium iodide in 
propylene glycol 

A complex of sodium bis- 
muthato.tn-isopropanol- 
amine and propylene 
glycol 


As in preceding, but dis- 
solved in water 


Sodium bismuth thiogly- 
collate in aqueous solu- 
tion 


Dosage and mode of administration 

0.1 gram of bismuth weekly or 
0.05 gram twice a week for 
eight to ten weeks intra- 
muscularly 

2 cc. (containing SO mg. of Bi) 
weekly for ten to fifteen 
weeks intramuscularly 

1 cc. of a 10 per cent solution 
intramuscularly every two 
days for 20 doses 

0.015 gram intramuscularly 
initially and 0 03 gram there- 
after 3 time? weekly for six 
to ten weeks 

0.1 to 0.2 gram of the oily sus- 
pension intramuscularly at 
w eekly intervals until 2 4 to 
3 grams has been givrti or 
50 mg. of the aqueous solu- 
tion 3 times weekly for 
twelve to eighteen weeks 

0.1 gram intramuscularly in 
oil 

1G to 20 Injections of 2 cc. (cor- 
responding to 0.025 gram 
metallic bismuth) every three 
days intramuscularly 

2 to 3 capsules (each of which 
contains 0.15 grams bis- 
muth) orally 3 times a day 
with plenty of water at 
10 a.m ; 3 p.m.; and 8 P.M. 
for ten to twelve weeks 

2 cc. containing 0.04 gram 
of bismuth intramuscularly 
twice a week for ten to 
twelve weeks 

0.2 gram 3 times a week intra- 
muscularly for three to five 
weeks 


In using bismuth in the treatment of syphilis careful observation is 
required for the appearance of toxic manifestations in the skin, mouth 
(stomatitis) and kidneys. 

Bismuth js now chiefly used in syphilis as an adjuvant to arsenicals 
and as a substitute for mercury. It may be used alone in cases where 
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the latter are contraindicated, c. g., when syphilis is complicated by 
cardiovascular disease, nephritis or jaundice and in arsenic-fast or 
arsenic-intolerant individuals. Bismuth compounds are also effective 
in yaws. The metal has also been combined with arsenic in the form of 
bismarsen described on page 183. 

Preparations 
U. S. P. 

BiSKtrnu ET Potassii Tartuab, a granular white powder, which darkens 
on exposure to light. Soluble 1 in 2 of water. Dose, 0.15 gram intramuscularly 

Bismuth; Schcarbo.vas, bismuth oxycarbonate, a white or pale yellowish- 
white powder, varying in composition; odorless, tasteless, insoluble in water 
or alcohol. Dose, 1 gram. 

Biswvxm Subnitras, white bismuth, Magisterium Btamutbi, bismuth oxy- 
nitrate, a heavy, white, insoluble powder, odorless and almost tasteless, with a 
slightly acid reaction. It consists of a mixture of the hydrate and 6ubnitrate of 
bismuth in varying proportions. Dose, 1 gram, in powder or suspended in water 

Bisuutui Stosaucylab, the sabcylate or oxysalicylate of bismuth, is a u hite, 
amorphous powder, insoluble in water. Dose, l gram, by* mouth; 0 1 gram intra- 
muscularly. 

Iwectio Uisutrrai et Potassii Tastraws, a sterile solution in water or a 
suspension In. a suitable fixed oil. Dose, 0 1 gram mtramusculaTly. 

Injxctio Bismuth; Sussauctlatis, b sterile suspension in oil. Dose, 0.1 gram, 
intramuscularly. 


B. P. 

Bismuth! Carbo.vas, the osycarbonate or subcarbonate, a white powder, 
odorless, tasteless, insoluble in water. Dose, 0 6 to 2 grams. 

Bismotbi et Soon Tartras, a white powder freely soluble in water By 
intramuscular injection. Dose, 0 06 to 0 2 gram. 

Bismut m Oxtchlomdum, a white powder, insoluble m water. By mouth, 
0.6 to 2 grams, by intramuscular injection, 0.1 to 0 2 gram 

Bismuthi SaUcylas, the suhsahcyJate Dose, 0 6 to 2 grams; by intra- 
muscular injection, 0.06 to 0.12 gram 

Bissttmiuss pREdpiTATuaf, & dull gray powder, easily diffusible in water. 
Dose, 0.1 to 0.2 gram intramuscularly. 

Bismuths Sddgai.las, the suhgallate Dose, 0 6 to 2 grams 
Injeptjo Bismotw, 20 per cent of precipitated bismuth, in very fine powder, 
in a solution of dextrose, with some cresoi By intramuscular injection, 0 5 to 
1 mil. 

Ihjrctto Bismutui OxYCfitoRsm, 10 per cent suspension in water solution 
of dextrose. By intramuscular injection, 1 to 2 mil. (15 to 30 min.). 

I.vjectio BisMtrrm Sawcyratis, a 10 per cent suspension in olive or araebte 
oil, with some camphor and phenol. Dose, 0 6 to ] 2 mil 
Tbochiscus Bismuthi Compositus. Each contains about 2} gr. of bismuth 
carbonate, with carbonates of magnesium and calcium 
Several new compounds of bismuth have been introduced m therapeutics, 
chiefly with the intention of combining the astringent properties of bismuth 
with the antiseptic action of benzol preparations. These have been used chiefly 
as dusting powders in various forms of skin disease, in burns and ulcers, m some 
ophthalmic conditions and after operations. 
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n. ANTIMONY 

Preparations of antimony have been used in medicine since antiquity 
and had a great vogue in therapeutics in the seventeenth and eighteenth 
centuries, being used empirically in a great variety of diseases. Because 
of its doubtful utility and great toxicity, its popularity declined until it 
was found to possess powerful trypanocidal properties. It has recently 
been shown to be effective in several tropical and other diseases, and is 
now scientifically established as a valuable chemotherapeutic agent. 
The salt most commonly used formerly' was tartar emetic , or the double 
tartrate of antimony and potassium. As a double salt it is not readily 
dissociated and is therefore not so corrosive as the chloride, which is a 
powerful caustic when applied to the skin or the mucous membranes. 
More recently less toxic and more effective organic derivatives of anti- 
mony have been introduced and these have largely displaced tartar 
emetic in therapeutics. 

Toxicology.— Industrial poisoning from antimony is of rare occurrence, 
but in recent years there have been several outbreaks of poisoning from 
the use of enameled vessels of inferior quality as containers for acid 
drinks, such as lemonade. Antimony oxide is sometimes used in the 
enamelling of hardware and is dissolved out by the tartaric or citric 
acid. Enamelled hollow-ware vessels obviously intended for other pur- 
poses may be dangerous if used for the preparation or storage of food or 
drink. 

Chronic antimonial poisoning is very rare and difficult to diagnose. 
The symptoms are depression, headache, giddiness, and confusion, 
drowsiness, and indistinct sight. The appetite is bad, and the patient 
complains of heaviness, discomfort or pain in the region of the stomach, 
general weakness and exhaustion. Profuse diarrhea may be present, 
rapid loss of flesh, albuminuria, and finally collapse. Pustular eruptions 
have been observed from the prolonged internal uae of tartar emetic. 
There is some reason to suppose that printers occasionally suffer from 
antimony poisoning arising from the presence of antimony in the type. 
In rabbits poisoned with tartar emetic, Franz found degenerative 
changes in the liver and kidney which were independent of capillary 
injury. 

Many of the symptoms of antimonial poisoning, the profuse perspira- 
tion, salivation and, to some extent at least, the collapse which follows 
the ingestion of antimony salts, are manifestly secondary to the Emetic 
Action, and the cause of the vomiting. The older writers regarded it as 
arising from some central action, but there can be no question that it is 
the result of local irritation of the stomach; small quantities cause 
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vomiting without any obvious lesion, but larger closes induc e hyperemia 
and swelling of the gastric mucous membrane . Large quantities of 
antimony injected intravenously” or subcutaneously also cause vomiting 
and purging, and this is apparently not due to its excretion into the 
stomach and bowel, for the movements occur in eviscerated animals; 
but much smaller quantities suffice to cause vomiting when given by ^ 
the mouth. 

In the stomach the antimony is slowly dissociated from the double 
salt and acts as an irritant; this liberation of the antimony ion may be 
aided by the acid reaction, but it also occurs when the reaction is ren- 
dered neutral, and in the intestine and skin, where the reaction is not 
acid. It is more irritant than arsenic and is absorbed more slowly, so 
that its action remains confined to the stomach, and as the vomiting 
removes much the greater part of the poison, the intestine remains 
unharmed except when large quantities have been swallowed and the 
emesis is insufficient from any cause. In chronic poisoning, ulceration 
of the small intestine is said to occur, especially around the solitary 
follicles and Peyer's patches. 

TARTAR EMETIC 

The double tartrate of potassium and antimony (tartar emetic) and its 
sodium analogue are the simplest and oldest salts of antimony used in 
medicine. When nibbed on the skin, tartar emetic causes redness and a 
papular eruption, which later passes into vesicles and pustules. If the 
application be further persisted in, these pustules may become confluent 
and form small abscesses, and later cause extensive necrosis and ulcera- 
tion of the skin. The points of origin of the papules are the openings 
of the cutaneous glands and the hair follicles. When injected hypo- 
dermically, tartar emetic causes intense and lasting pain and very often 
suppuration and sloughing, which may involve the underlying muscles. 

O - C - o. 
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Tartar emetic 

Symptoms. —Tartar emetic has a slight acid taste, and in very small 
quantities causes no symptoms, except some perspiration. _ In some- 
what larger doses its ingestion is followed by nausea and vomiting, with 
very marked depression and the usual accompaniments of emesis, such 
as salivation, profuse perspiration and acceleration of the pulse (see 
Apomorphine, page 303), In antimonial poisoning the vomiting is 
violent and continuous, the ordinary contents of the stomach being 
first evacuated, and then a slimy mucous fluid, which may later contain 
blood. In some cases it is said that no gastric symptoms are observed, 
but these must be exceedingly rare The vomiting is accompanied 
by profuse watery diarrhea, resembling that of arsenical poisoning, 

U 
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and by great muscular weakness and collapse. The pulse may be 
somewhat accelerated at first, but is weak, and later becomes slow and 
irregular. The skin is cold and covered with clammy perspiration, 
and cyanosis of the face and extremities is generally marked. The 
respiration is slow and may be irregular, the voice weak and husky, the 
temperature is depressed, and the patient falls into a comatose condi- 
tion, which deepens, until after a few weak convulsive movements the 
respiration ceases. The urine is sometimes increased in the beginning 
of the poisoning, but later may become scanty or entirely suppressed. 
It often contains albumin. 

The minimum fatal dose of tartar emetic is doubtful, as the greater 
part of the poison is generally removed by vomiting. Recovery has 
been observed after very large quantities, while in other cases 0.1 gram 
has proved fatal. 

In the seventeenth century antimony in the form of tartar emetic 
was prescribed so widely and was believed to do so much harm, that the 
graduates in medicine of Heidelberg were required to take an oath never 
to use it. At present it is no longer used as an emetic since it is slow in 
action and induces greater depression and more prolonged nausea than 
the other drugs which are prescribed for this purpose, such as apomor- 
phine or ipecacuanha. Tartar emetic alone is also rarely used now for 
its expectorant action in acute bronchitis in which the secretion of the 
bronchial mucous membrane is insufficient. It is included, however, 
in certain expectorant mixtures such as the Compound Mixture of Opium 
and Glycyriza, and the Compound Syrup of Squill, N. F. Although 
originally used in leishmaniasis, granuloma inguinale, biharziasis and 
other tropical diseases, it has been displaced to some extent in these 
disorders by the less toxic compounds now to be described. 

OTHER ORGANIC ANTIMONY COMPOUNDS 

The organic compounds of antimony used in medicine may be classi- 
fied into two groups: (1) those in which antimony is trivalent and (2) 
those in which it is pentavalent. In addition to tartar emetic and its 
sodium analogue the trivalent antimony compounds include antimony 
thioglycollamide, antimony sodium thioglycollate and fuadin. The 
pentavalent compounds include stibosan, stibamine, urea stibamine and 
neostam. These derivatives have, to a great extent displaced tartar 
emetic in the chemotherapeutic treatment of the following group of 
diseases in which antimony is specific. 

Granuloma Inguinale, a venereal disease (not to be confused with 
lymphogranuloma inguinale which is due to a virus infection), is caused 
by infection with a Leishmania organism. The so-called Leishman- 
Donovan bodies are found in the lesions which consist of reddish granu- 
lomatous patches which spread over the abdomen and thighs or may 
involve the cervix. The disease is not uncommon among the negroes 
of the Southern United States. Kala Azar (visceral leishmaniasis), 
Oriental Sore (cutaneous leishmaniasis), and Espundia (American leish- 
maniasis) are all diseases caused by protozoan parasites of the genus 
Leishmania. They are all effectively treated by antimony salts. 
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Another group of disorders against which antimony derivatives are 
specific is Schistosomiasis or Eilharaasis, which is caused by infection 
with flukes which invade the blood stream. 

In the treatment of Trypanosomiasis, the pentavalent arsenic deriva- 
tives have replaced the antimony compounds. 
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Antimony Thioglycoliamide, the triaraide of antimony thioglycoHic acid 
and Antimony Sodium Thioglycollate are less toxic and less irritating than 
tartar emetic. Unlike the latter, which must be injected intravenously 
these compounds may be administered either intravenously or intra- 
muscularly. The thioglycoliamide is more toxic and less soluble than 
the thioglycollate but has the advantage of being more stable. Both 
compounds are used instead of tartar emetic in the treatment of Lympho- 
granuloma Venereum and Kala Azar. The thioglycoliamide is given in 
doses of 0.08 gram dissolved in 20 cc. of sterile water every second day 
until 15 to 25 injections have been given. The thioglycollate is given 
the same number of times in doses of 0.5 to 0.1 gram every third or 
fourth day. 

Another antimony compound closely related to the preceding drugs 
which has recently been introduced into therapeutics is Anthiomaline, 
Lithium Stibiothiomalate, which has been used in the treatment of o 
filariasis. 

flaOOC . ch s'] 

Sb 9B*0 

{_LK5QC . CH* J , 

Anthiomaline 



SOiNa SO»Na 


Fuadln 


•7H,0 


Fuadm (stibophen), a derivative of catechol disulfonic acid is another 
of the trivalent antimony compounds introduced into medicine. It has 
largely replaced the previously mentioned compounds in the treatment of 
GtanUloma Venereum and is also the drug of choice in the treatment of 
the intestinal stage of Schistosomiasis. Fuadm is injected intramuscu- 
larly in the form of a G.3 per cent aqueous solution. One and five-tenths 
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cc. are given on the first day; 3.5 cc. on the second, and 5 cc. every other 
day thereafter until a total of 40 ce. is given over a total period of fifteen 
days. In granuloma inguinale it is necessary to continue the treatment 
after all evidence of the disease has disappeared by repeating the course. 
Thereafter the drug is given once a week and then every two weeks to 
prevent relapse. In schistosomiasis, iron is indicated together with 
fuadiri. 

Pentavalent Compounds.— A number of pentavalent antimony deriva- 
tives have been used particularly in the treatment of leishmaniasis. 
These are derivatives of p-stibanilic acid. These compounds are less 
toxic and hence may be given in larger and less frequent doses. Fewer 
disagreeable reactions follow their use, but their cost compared to tartar 
emetic and the other trivalent compounds has militated against their 
more general use. A number of antimony compounds have also been 
prepared which are chemically related ’to arsphenamine but in which 
one of the arsenic atoms is replaced by antimony. 

OH OH OH 
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p-stibanilic acid Stibosan Stibamine 
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The trivalent antimony compounds appear to be of possible value in 
the treatment of schistosomal infections, filariasis, onchocerciasis, Car- 
rion’s disease and other exotic tropical disorders. Neostibosan, the 
diethylaminc salt of p-stibanilic acid has recently been found to be 
effective in the treatment of human filariasis (Culbertson el al.). 

Following therapeutic intravenous injections of antimony salts, the 
following symptoms may occur: dry cough, frequently; more rarely, 
dryness of the mouth, a feeling of constriction of the throat or tightness 
of the chest, colicky pains in the abdomen and pains in the shoulder. 
The occurrence of giddiness, vomiting, or diarrhea calls for care with 
subsequent doses Pneumonia, pains in the joints and bradycardia may 
follow a course of therapy. 

In cases of Antimonial Poisoning, emetics are seldom required, but the 


OH 
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Urea stibamine 
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stomach may be washed out by means of the stomach tube if vomiting 
is not present, and a purge may be given to remove the poison in the 
bowel Tannic acid, lime or magnesia may be used to precipitate the 
antimony in the stomach, and potassium hexatantalate has also been 
advised for this purpose. 

Preparations 

Antiuonk et Potassii Tartkas (U, S. P. f B. P.), tartar emetic, tartrated 
antimony (KSbOC<H«0«)* H*0), forms colorless, transparent crystals, or a 
white granulated powder, without odor, and having a sweet, afterward disagree- 
able, metallic taste, soluble in 17 parts of cold water, insoluble in alcohol. Dose, 
U S. P., 3 mg.; B. P,, as an expectorant, 0.002 to 0.008 gram; emetic, 0 03 to 
0.00 gram; by intravenous injection, 0.03 to 0.12 gram 
AtmUONU et Soon Tartp.as (B, P,), whitish scales or powder, hygroscopic, 
soluble in 1.5 parts of water. Doses as of tartar emetic above. 

Stibopiienum (B. P.l, stibophen, s&dium'antimony-bispyrocatechol-3,5- 
sodium disulphonate, {NaO£),CiH t 0 2 :SbOC*Hi(ONa)(SOiN&)j7HiO. Dose, 
intravenously, 0.1 to 0.3 gram. 
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m. ARSENIC AND ITS INORGANIC PREPARATIONS 

Some of the less active preparations of arsenic, such as the sulfides, 
Realgar (As-S 2 ) and Orpiment (As-S*), have been known in therapeutics 
since the beginning of the Christian era, but this rnctai was brought 
into especial prominence in fatcr times through the frequent use of 
the more dangerous oxides in criminal poisoning. Thus the notorious 
Aqua Tofana of the sixteenth and seventeenth centuries owed Its 
activity to the presence of arsenic, and various arsenical compounds 
were formerly used more largely than almost any other poison in suicide 
and homicide. This is to be explained by their having been widely 
employed in the arts and for such purposes as insecticides, and thus 
being readily accessible to all. There was, moreover, a genera! recog- 
nition of their poisonous nature and being: tasteless they could be admin- 
istered to the victim without arousing suspicion. Of late years inten- 
tional arsenic poisoning has become somewhat less common, though, on 
the other hand, accidental poisoning b still met with not infrequently, 
especially in the chronic form. Many of these chrome cases arc ex- 
tremely difficult to diagnose, and probably often pass unrccognired by 
the attending physician. In view of this fact, it seems desirable that 
more stringent measures should be taken to reduce the use of arsenic in 



166 


THE ACTION OF INORGANIC SUBSTANCES 


the arts, and especially to prevent its being brought in contact with 
food. The danger of the use of the green arsenical dyes, such as Scheele’s 
Green (arsenite of copper), and Schweinfurt’s Green, or Paris Green 
(arsenite and acetate of copper), is now generally recognized, but arsenic 
is still used in the preparation of other colors, and these may give rise to 
poisoning. It is widely used as a spray upon grape vines, fruit trees and 
other plants to preserve them from the attacks of insects. Poisoning has 
occurred from these sources and is difficult to diagnose,' as it is in some 
cases impossible to find the means by which the arsenic enters the system. 
A widespread epidemic of poisoning in England in 1900 drew attention 
to a source of arsenic which up to that time had not received the atten- 
tion it merited. Several thousands of persons suffered from arsenic 
being contained in cheap beers made from glucose, in the manufacture 
of which sulfuric acid had been employed. The sulfuric acid was formed 
from iron pyrites containing arsenic, and the poison was carried from 
the sulfuric acid with the glucose into the beer. Sulfuric acid is used in 
the manufacture of so many drugs, foods and other substances in con- 
stant use, that this intimation that it may convey arsenic into articles 
where its existence has not hitherto been suspected, is of the gravest 
importance. Arsenic poisoning also occurs as a result of exposure to 
the metal in industry, particularly in the metallurgical trades. 

Metallic arsenic is insoluble in water, and passes through the alimen- 
tary canal for the most part unchanged and without action, but it is 
possible that small quantities may be oxidized to arsenious acid in the 
stomach and intestine under some conditions. Some symptoms have 
been observed when it is rubbed on the skin in a state pf fine division, 
and these are probably due to its absorption in the form of an oxide. 
The characteristic “arsenic” action is induced by the salts of trivalent 
arsenious acid (H 3 As0 3 ), and by its anhydride (As 2 0 3 ), which is often 
known as arsenic, and which exists in the tissues as arsemtes. Arsenic 
action is therefore due, not to the element, but to the ion of arsenious 
acid. The anhydride and salts of the pentavalent arsenic acid (II 3 AsOi) 
cause similar symptoms, but are less poisonous and act more slowly 
than those of arsenious acid, and probably owe their effects to their 
being changed to arsenites in the tissues. The action being due to 
the ion and not to the element, it necessarily follows that compounds 
from which the ion is not liberated do not induce the arsenic action, or 
do so only when they are changed to bodies which can dissociate the 
arsenious acid ion. Thus organic arsenic combinations in which the 
metallic atom is directly attached to carbon are only feebly poisonous, 
but in course of time seem to be changed to arsenious acid in the tissues', 
and then cause typical poisoning. 

Arsenious acid, which in the following pages will be taken as the 
representative of “arsenic” action, has a faint sweetish taste, and is 
therefore not so likely to be detected by the victim as many of the 
other poisons. 

Symptoms.— In large quantities arsenic very often causes no symp- 
toms for one-half hour or more, but then the patient complains of a 
feeling of constriction in the throat, of difficulty in swallowing, and 
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tbe liver and jaundice may occur, but these arc not generally well marked. Skin 
eruptions of various forms— papular, vesicular, or erythematous— are generally 
noted; very often the epidermis falls off in fine brownish scales, or, in the hands 
and feet, i 1 ° ' 1 4 '. 4 ■ ’ ‘ '* is very common, 

the skin as ' ■ ■ ■ ic forms that pro- 
duced by r . ■ ■ This pigmentation 

is much ir ■; • ■ . t ' • .in fair people, in 

whom it may be indistinguishable from ordinary freckles; it generally disappears 
when the patient is removed from the poisonous atmosphere, but has been 
permanent in some cases. In prolonged poisoning the eruptions may simulate 
almost any form of skin disease, and the hair and nails fail off. Herpes is not 
infrequently observed and points to nervous disturbances such as are prominent 
feature's in the next phase. 

These phases are not always distinct in cases of poisoning, and very often 
some of the symptoms of the second phase may appear before any marked 
disorder of the digestive tract. In the prolonged therapeutic use of arsenic, the 
first indications of commencing poisoning arc redness, itching, suffusion and 
swelling of the conjunctiva and eyelids, and dryness of the nose and throat, as 
in coryza. On the other hand, in workmen exposed to arsenical dust, the first 
symptoms may arise from the skin or from bronchial irritation. 

The third phase is marked by disturbance of sensation and motion in localized 
areas, generally in the hands and feet (peripheral neuritis). It is often ushered 
in by intense persistent headache or by acute pain located around the knee, 
ankle or foot, less frequently in the wrist and hand. The patient complains of 
formication in the extremities, and of the discomfort caused by the pressure of 
the bed-clothes on the feet and legs. The palms of the hands and the soles of 
the feet are often red, swollen and extremely sensitive to touch (erythromelalgia), 
and pressure on the muscles induces the most intense pain. Later, sensory 
paralysis may set in, especially in the extremities, and the less acute sense of 
touch in the feet and hands induces symptoms resembling those of locomotor 
ataxia. The sensitiveness to heat and cold may be exaggerated or^ dulled, or 


As a, general rule the paralysis is confined to the extremities, Vait in some esses 
it has been foe • 14 ’ 41 4 1 T * * " 1 4 4 ' ■ ~ r "’- 

metrical, and ■ ■ 

degeneration. . • 

arsenic from lead paralysis, but in the former there is often a history' of acute 
poisoning, while the latter is almost invariably due to prolonged absorption- 
Disturbances of sensation are much more common in arsenic than in lend 
palsy, and in the latter the forearm muscles are generally affected first, in the 
former, those of the leg In arsenic poisoning atrophy is said to occur more 


the patient should be tested for arsenic. Arsenic paralysis may appear as early 
as three days after an acute intoxication, but is commonly observed later, and 
may occur only after three or four weeks. . \ 

In very prolonged arsenic poisoning the patient may sink into an apathetic* 
semi-idiotic condition, or may become epileptic. In most cases the sympto&s 
slowly disappear when the poison is removed, but even slight paralysis rufy 
last for many years before it is entirely cured, and after complete degeneration 
of the muscles little improvement is to be expected. The contractures whic| 
follow are generally due to the unopposed action of the sound muscles, bu\ 
sometimes arise from the shortening of the paralyzed ones. * 
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Arsenical poison occurs industrially from inhalation of, or contact 
with, the dust of compounds of arsenic, showing itself often in skin 
eruptions, or more rarely in cancer of the skin, especially where the 
dust alights on folds of skin or moist surfaces like the groin. Other 
symptoms of chronic arsenical poisoning may be present, due to absorp- 
tion of arsenic, conjunctivitis and hoarseness being frequently early 
symptoms. Perforation of the septum of the nose is not uncommon. 
The frequency of poisoning from this source has been greatly diminished 
by measures taken to protect the workers, e. g., by use of exhaust 
draughts. 

Action.— Arsenites and arsenious acid do not coagulate proteins or 
change them in any way, except when applied in such enormous quan- 
tities as never reach the stomach, so that the action of arsenic on the 
Alimentary Canal cannot be explained as due to any ordinary form of 
corrosion, although the symptoms and the postmortem appearances 
resemble in many points those of the corrosive poisons. Thus the 
mucous membrane of the stomach is generally found red and swollen, 
and often contains hemorrhages. The epithelial coat can be rubbed 
off very easily, and is found to be in a state of fatty infiltration, and 
sometimes resembles a false membrane; or the only lesion may be 
cloudy swelling and fatty infiltration of the gland-cells. 

The intestine presents very similar appearances, the mucous mem- 
brane being swollen and congested, more especially around Peyer’s 
patches. It contains a quantity of thin fluid with flakes of membrane, 
resembling exactly the rice-water stools of cholera, from which it is 
difficult to distinguish it. 

The same symptoms arise when arsenic is absorbed from the sub- 
cutaneous tissue, or from the broken skin, though only traces of arsenic 
are found in the contents of the stomach and intestine when it is ingested 
in this way. 

The failure to explain the gastro-intestinal action of arsenic by ordi- 
nary corrosion has led to the suggestion that it is due to the extreme 
dilatation of the intestinal vessels, which gives rise to the congestion 
and swelling, and this in turn to the destruction of the lining mem- 
brane, perhaps by the exudation of fluid beneath the epithelium. This 
transudation of fluid is certainly in accord with the watery' character 
of the stools in arsenic poisoning, but the explanation does not seem 
entirely satisfactory, for it fails to account for the fatty infiltration and 
the cloudy swelling of the epithelium, which are in some cases the only 
lesions found here. The fatty infiltration is not confined to the stomach 
and bowel, but involves a number of other organs, although it is not as 
a general rule so widely distributed as in phosphorus poisoning. Arsenic 
then must be considered to have a specific action in causing fatty 
infiltration of the epithelium of the stomach and intestine. This in 
itself is sufficient to explain many of the symptoms from these organs, 
although it may well be that the vascular action is the cause of the 
excess of fluid in the intestine, and in fact, the fatty infiltration alone 
is insufficient to explain this feature, which is absent in phosphorus 
poisoning. 
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In therapeutic doses arsenic is said to increase the appetite and 
promote digestion, an effect which may perhaps he due to die specific 
action on the epithelium, this in its milder forms proving of advantage 
to the organ, though in excess it leads to its degeneration; it has been 
observed in dogs with gastric fistulas that the gastric secretion is aug- 
mented by small quantities of arsenic. 

Circulation. —In the frog the heart is slow, weak, and irregular, and 
ceases in diastole after comparatively small doses; the action seems 
to be a direct paralysis of the muscle. In the mammal tire heart is little 
affected by arsenic, but a very marked fall of the blood-pressure follows 
the injection of large doses intravenously. Tins is due to dilation of the 
capillaries from a direct action on their walls; epinephrine and nicotine 
continue to raise the blood-prcssurc after arsenic, because the arterial 
wall can still respond to strong nervous impulses; the vessels of the 
splanchnic area seem more susceptible to this arsenic action than those 
of the rest of the body, and their dilation leads to very marked conges- 
tion of the stomach and bowel, .and reduces the blood-pressure to zero. 
The dilated capillaries permit the passage of fluid into the tissues more 
readily than normally, and this explains the appearance of edema in 
cases of poisoning and also the large amount of fluid in the stools and 
vomited matter. Arsenic is therefore often termed a capillary poison. 

Respiration.— In cases of poisoning in man the respiration does not 
seem to be much affected until late, but it ceases before the heart, 
probably from the exhaustion and low blood-pressure, and not from 
any specific action on the center. 

The action of arsenic on the Central Nervous System has been repeat- 
edly examined, A descending paralysis is elicited in the frog, the 
animal first losing its spontaneous movements, and then its reflexes, 
and the terminations of the motor nerves being involved only very 
late in the intoxication. In mammals there are generally no certain 
indications of direct action on the nervous system in acute poisoning, 
for the weakness and prostration, and the final loss of consciousness and 
coma may be attributed to the exhaustion from the gastro-intestinal 
effects rather than to the centers being immediately affected. _ 

The pathology of the nervous disturbances observed in chronic 
poisoning, and often after a single large but not immediately fatal 
dose, bears no relation to the effects observed in animals in acute 
poisoning. The symptoms in chronic poisoning all point to peripheral 
neuritis as the cause, and the characteristic lesions in the nerve trunks 
have been shown to occur both in man and animals exposed to the 
prolonged action of arsenic. In severe cases the spinal cord may also 
be involved secondarily. The peripheral muscles and nerves are little 
affected in acute poisoning. 

The unbroken Skin is not affected by arsenic, unless when it is applied 
repeatedly or allowed to remain in contact with it for some time, when 
it may give rise to redness, pustules or vesicles and later to violent 
erysipelatous inflammation. It has not, however, any such corrosive 
action on the skin as is possessed by strong acids, and the subcutaneous 
injection of arsenic is not painful at first. It is more active when applied 
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to denuded surfaces and to the mucous membranes, destroying them 
to some depth and causing acute pain, but even here it acts more slowly 
than ordinary caustics. According to Ellinger, the local “corrosive” 



action of arsenious acid is due to a primary injury to the capillaries, 
which leads to cell death by loss of circulation. The local effects of 
arsenic on the skin arc seen only in workmen handling arsenic, as in 
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color factories, in which affections of the skin of the face, hands and 
scrotum are by no means rare. 

In chronic arsenic poisoning skin eruptions are common, and are to 
be ascribed to the direct action of the drug on tire skin. This appears 
to accelerate the growth and proliferation of the epithelium, which 
is found to be increased in' thickness, but which in very severe cases 
shows signs of atrophy and degeneration. Arsenic has been found in 
appreciable amount in the hair and epidermal scales, and in the fluid 
of a blister in patients treated with it, and changes in the condition of 
the skin in animals have also been observed. 

The melanosis of arsenic poisoning seems to be due to the deposition 
not of an arsenical compound, but of some organic product in the deeper 
layers of the cerium. The symptoms of irritation of the mucous mem- 
branes of the eye, nose and larynx are analogous to the skin eruptions. 

The action of arsenic on The Blood is still obscure. It was formerly 
frequently prescribed in the treatment of anemia but its value is ques- 
tionable. In pernicious anemia the administration of arsenic may be 
followed by a definite reticulocyte response but an increase in the 
number of mature red cells is less often encountered. In chronic 
myelocytic leukemia arsenic decreases the white cell count and improves 
the anemia. 

The Metabolism is affected by*a poisonous dose of arsenic in the 
same way as by phosphorus, but the alteration is not generally so 
marked and is liable to be overlooked, owing to the more intense action 
on the alimentary canal. The nitrogen of the urine is considerably 
increased due to a break down of body tissues. Tiic glycogen of the liver 
disappears entirely, and the liver seems incapable of forming it from 
the sugar of the food. Lesions of the medulla oblongata (puncture 
diabetes) do not cause glycosuria after arsenic, but curare and other 
drugs are still capable of eliciting this symptom. The fatty degener- 
ation of the epj the) win of the stomach and intestine has_ been 
mentioned already, but this alteration is not confined to these tissues, 
being found in the liver and kidney, in the muscle cells of the heart, 
blood-vessels and striated muscles, and in the lining epithelium of the 
alveoli of the lungs. Small necrotic foci have been observed in the liver, 
along with signs of active division of the parenchymatous cells, as in 
phosphorus poisoning. Szent-Gyorgi ascribes the changes in metabolism 
produced by both arsenic and antimony to interference with tissue 
respiration and Oelkers finds that arsenic inhibits the action of ferments 
on protein and fat metabolism. 

The fatty infiltration may have the same results as in phosphorus 
poisoning. The liver is somewhat enlarged and the pressure .on the 
bile ducts prevents the escape of bile into the intestine, and thus induces 
jaundice and appearance of bile pigments and bile acids in the urine. 
Jaundice is seldom, however, a very marked feature in arsenic poisoning, 
and is often entirely absent. The bile is said to contain albumin, red 
blood cells, and casts, as in phosphorus poisoning, but does not present 
other changes except immediately before death. 
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The prolonged administration of arsenic in quantities insufficient to^ pro- 


mart, found that these tended to lessen appetite and retard the growth of the 
animals. The results of these careful researches are thus opposed to the popular 
view that arsenic is a “tonic” and exercises an invigorating action on the nutri- 
tion in man. 

Another widely held view is that the habitual use of small quantities of 
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Arsenic is Excreted very slowly, some appearing in the urine and 
feces within twenty-four hours, but only about one-fifth of that absorbed 
being eliminated in this way. The rest is stored in the tissues for a 
long time and slowly got rid of in the hair and epidermis, in which 
arsenic may be found for many months after it lias disappeared from 
the urine and feces. Traces may be found in other secretions, and 
fatal intoxication lias been observed in a child from the milk of its 
mother, who was suffering from acute poisoning. Arsenic is transmitted 
to the fetus through the plncental circulation. In the urine arsenic 
appears as nrsenitc and arsenate. It is probable that the effects, espe- 
cially the paralysis, lasts long after the drug has been excreted, lesions 
having been induced which only recover slowly. 

Arsenic disappears rapidly from the blood when injected, being 
taken up by the tissues in which it forms firm combinations with the 
nucleins; it is found chiefly in the liver, and is also deposited in the 
kidney, in the walls of the stomach and intestine, and in the spleen 
and lungs. Much smaller quantities arc found in the muscles and in 
the nervous tissues, in which it is said to occur in larger proportion 
in the white than in the gray matter. It has been detected in the 
cancellous bones of the skull and vertebne after it has disappeared 
from all the other organs. 

Arsenic and phosphorus are included in one group in chemistry and 
their effects on living organisms present sufficient resemblance to justify 
their association in the pharmacological system. The mucous mem- 
branes and the skin arc more affected by arsenio, however, and the 
circulation is more rapidly depressed, while the fatty infiltration is much 
more prominent in phosphorus poisoning. Tim differences between 
their effects are more in degree than in kind, and there seems no ques- 
tion that their ultimate action on protoplasm is of the same nature. 
It is to be noted, however, that the action of phosphorus is due to the 
element itself while the oxides of arsenic alone arc capable of modifying 
vital functions. It has been suggested that the toxic action of arsenious 
acid results from its combining with the sulfhydril compounds of the 
cell thus inhibiting cellular respiration. 

The Sulfur Compounds of arsenic are entirely insoluble and are therefore 
not absorbed as such, but it seems likely that small quantities of arsenious 
acid arc formed from them in the intestine by microbes. Commercial orpiment 
often contains large amounts of arsenious acid. 

Arseniuretted Hydrogen (AsH,) is an exceedingly poisonous pas, which 
has caused a number of fatal accidents from being inhaled accidentally in 
chemical laboratories. Its action is quite different from that of the oxides of 
arsenic and there is no reason to suppose that nrsemtes give rise to appreciable 
amounts of the gas in the body, or that the effects of the latter are due to the 
formation of arsenites. Its action arises from its great affinity for hemoglobin, 
which takes it up in large quantity and combines with it or with some product 
derived from it This leads tq hemolysis, and the liberated hemoglobin induces 
seme symptoms in the course of its excretion. In the test-tube arseniurettea 
hydrogen forms a combination with hemoglobm which gives a characteristic 
spectrum but this has not been shown to occur in living animals. Most of the 
symptoms appear to arise from the hemolysis, but there may be in audition 
some direct action on the central nervous system. 
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Arseniurettcd hydrogen induces intense headache, nausea and vomiting, 
prostration and fainting fits, cyanosis and collapse. Hemoglobin, methemo- 
globin, heraatin and occasionally blood are passed in the urine, and more rarely 
the stools contain blood. Sometimes the urine is entirely suppressed from the 
tubules being plugged with blood cells and debris, and intense icterus appears 
from the formation of excess of bile-pigment from the hemoglobin of the dis- 
integrated corpuscles. Edema of the lungs or sudden failure of the heart is 
the cause of death. Some of the gas is excreted by the lungs, and may be recog- 
nized by its garlic odor, and some arsenic appears in the urine, but it is not 
known in what form. It is estimated that one part in 100,000 parts of air is 
injurious to man if breathed for a few hours. 

Therapeutic Uses.— Arsenious acid has been used externally as a 
caustic, formerly in various forms of malignant disease, more recently 
in lupus, in which it is said to destroy the diseased surface while leaving 
the healthy skin unaffected. It has been superseded, however, by the 

r- , « .... ,.i* * 


used in dentistry to destroy the pulp in decayed teeth; this destructive, 
caustic action proceeds more slowly than under more violent corrosives, 
so that there is little or no pain from it. 

Internally arsenic was formerly used in a variety of disorders including 
malaria, chorea, neuralgia, chronic rheumatism, asthma, pernicious 
anemia, erythemia and as a tonic, but its uses in these conditions is 
irrational. 

Many forms of Skin Disease, particularly psoriasis, chronic eczema, 
and lichen ruber were also formerly treated with arsenic but its value 
in these conditions is also questionable. Inorganic arsenic was also 
formerly used in the treatment of syphilis and trypanosomiasis but has 
been replaced in these conditions by the more effective organic arsemcals 
to be described in the next section. 

The only important therapeutic use of inorganic arsenic at present is 
in the treatment of Chronic Myelocytic Leukemia in which condition the 
drug produces a remission comparable to that observed following irradia- 
tion (Forkner and Scott). It is sometimes effective when refractoriness 
to irradiation occurs. It is of little value in chronic lymphocytic leuk- 
emia and of no benefit in acute leukemia. In the treatment of chronic 
myelocytic leukemia, 0.3 cc. (5 minims) of Fowler's solution (potassium 
arsenite) is given three times daily for two days in water or fnut puce 
immediately after or with meals. The dose is increased by 0.0o cc. 
(a minim) even' other day until 0G cc. (10 minims) are being taken 
three times daily. Thereafter the total daily dose is increased by one 
minim until the desired response is obtained or toxic symptoms super- 
vene. In the latter case, the medication is omitted for two to live days 
and then resumed, decreasing the previous maximum dosage by I mmim 
each day until a tolerable maintenance dose is established which is 
continued thereafter. , A 

With continued administration of arsenic, watch must be kep 
symptoms of chronic poisoning and, if they arise, the drug must w 
discontinued at once. The first symptoms are generally diarrhea and 
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disordered digestion, loss of appetite and discomfort in the stomach 
region, a feeling of constriction in the throat, and redness and swelling 
of the conjunctiva and eyelids. An early symptom of neuritis of the 
motor nerves is disappearance of the ankle-jerk. However, in the 
treatment of chronic myelocytic leukemia the milder toxic symptoms 
such as nausea, anorexia and restlessness may be disregarded, for only 
by uninterrupted treatment are the best results obtainable. 

In Acute Arsenic Poisoning the stomach ought to be emptied at once 
by means of the stomach tube or by an emetic (apomorphine). The 
stomach washing is to be continued for some time, as arsenic is very 
insoluble. Iron or magnesium preparations have been' advised in 
order to form a loose chemical combination with the arsenic; a reputed 
antidote is freshly precipitated iron hydrate formed by adding magnesia 
to a solution of iron sulfate. Experiments on animals throw doubt on 
the value of these antidotes and reliance is to be placed mainly on 
repeated and copious lavage. In acute poisoning general symptomatic 
measures are indicated. 

The collapse is treated by the ordinary measures used in shock. 
In chronic poisoning the paralysis is treated by stimulating the muscles 
with the galvanic current; the other symptoms, by suitable general 
treatment. The use of sodium thiosulfate is of questionable value 
(Muir et al). 

During the recent war a search for antidotes effective in neutralizing 
the actions of arsenical vesicants led to the discovery of Dimercaproi, 
or British Anti-Lewisite (Bal). This compound which chemically is 
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Dimercaproi (Bal) , 

2, 3-dimercaptopropanol, exerts its antidotal action by forming a less 
dissociable complex with arsenic than is formed with natural cellular 
constituents. It has been found to be effective in the hemorrhagic 
encephalitis, fever, dermatitis and other toxic manifestations following 
arsenical therapy. Dimercaproi has also been used in patients with 
acute mercury poisoning. In severe cases of arsenic poisoning a dose of 
3 mg. of dimercaproi per kilogram of body weight is given intramus- 
cularly every four hours for two days, four injections on the third day 
and twice daily thereafter for ten days or until recovery. It is injected 
intramuscularly in the form of a 10 per cent solution in peanut oil. In 
acute mercury poisoning larger doses are indicated. 

Preparations 

Arseni Trioxidum (U. S. P., B P.), Acibum Arsenioscm (As s 0j), arsenous, 
or arsenious, acid anhydride, white arsenic, ratsbane, forms a white powder, or 
opaque, porcelam-Uke masses, or a transparent, amorphous surface like glass. 
It dissolves slowly in cold water, the gla$sy variety requiring about 30, the 
porcelain about 80, parts of water It is almost tasteless and has no odor Dose, 
0.002 gram; B. P., 0.00 1 to 0.005 gram 
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IV. ORGANIC ARSENIC COMBINATIONS 

A number of organic arsenic compounds have been introduced into 
medicine for the treatment of protozoan infections including syphilis 
and other treponematose3, trypanosomiasis and spirillosis. These drugs 
constituted the most effective means of treatment until the advent of 
penicillin. Several years will be required before the status of penicillin 
in the treatment of syphilis will be entirely established but preliminary 
results indicate that the relatively non-toxic antibiotic may to a large 
extent, if not entirely, displace the arsenicals either as the sole drug to 
be employed or at least as an adjuvant form of therapy. 

The organic arsenicals may be classified into two general groups; 
(1)' those in which arsenic is present in the trivalent form (arsphenamine 
and its derivatives, mapharsen, etc.) and (2) those in which it is penta- 
valent (tryparsamidc, acetarsone, carbarsone, treparsole, etc.). As first 
claimed by Ehrlich, it is only the former which are treponemacidal, and 
these are principally used in the treatment of syphilis. Tryparsamide, 
a penta valent compound. i3 used in treating resistant central nervous 
system syphilis but the pentavalent Compounds generally are used 
chiefly in the treatment of trypanosomiasis, amebiasis and spirillosis. 

Toxic reactions and even fatalities may follow the injection of the 
organic arsenicals. Arsphenamine and its related preparations which 
are used intravenously are controlled by the Federal Regulations cover- 
12 
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mg serums, viruses and analogous products and are issued only with the 
approval of the National Institute of Health. A failure to observe the 
detailed instructions for their preparation and injection may lead to 
toxic reactions. In addition the first injection of a treponemncidal drug 
often leads to the so-called Herxheimer reaction in which there is a rise of 
temperature, headache, nausea, malaise, etc'. This reaction is attrib- 
uted to the liberation in the tissue of the foreign protein set free by the 
destruction of the parasites. Other more serious reactions— gastritis, 
pruritis, dermatitis, conjunctivitis, jaundice, purpura, anemia, enceph- 
alitis, etc., must also be watched for as indicative of more serious toxicity. 
Also in individuals with severe affections of the circulatory system , or 
kidneys and other degenerative processes, the arsemcals should not be used. 

Inorganic arsenic had some reputation in the treatment of syphilis, 
being used along with mercury in the well-known Donovan’s solution. 
Sodium Cacodylate, the earliest of the organic arsenic compounds to be 
used in medicine was found to be valueless in the treatment of syphilis 
but was used as a substitute ror inorganic arsenic in anemia and other 
conditions in which the latter was used. 
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When the sleeping sickness of Africa was found to arise from try- 
panosomes, another protozoan parasite, inorganic arsenic was used to 
treat it. The results were disappointing, as the quantity of arsenic 
that could be given was limited owing to its poisonous action on the 
patient. For inorganic arsenic proved to have little specific affinity 
for the parasite, in Ehrlich’s phraseology, it was not parasitotropic, 
while it was very poisonous to the tissues of the host, or strongly organo- 
tropic, In the test-tube inorganic arsenic preparations are very poison- 
ous to trypanosomes, and they would doubtless be equally destructive 
in the tissues if they could be applied there without injuring the host. 
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Some organic preparations of arsenic proved available for treatment, 
the first being Atoxyi , or sodium arsanilate. Although receiving .its 
name in allusion to its supposed lack of toxicity, atoxyi proved too toxic 
for therapeutic use. Later the acetyl derivative of atoxyi was found 
more active in combating trypanosome infections. These combinations 
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proved useful in syphilis also, but while destroying the parasites in 
these diseases, they were not devoid of deleterious action in man. Ehr- 
lich soon pointed out that atoxyl has practically no action on trypano- 
somes in test-tube experiments and only gains its parasiticidal action 
in the tissues. He explained this by the view that the pentavalent 
arsenic compounds, such as atoxyl and arsenic acid, are really inactive in 
themselves and only acquire activity when they are changed to the 
trivalent arsenic, such as exists in arsenites. This led him to seek for 
organic compounds in which the arsenic is trivalent, and the discovery 
of Arsphenamine and Ncoarsphniaminc. Both of these organic com- 
pounds are much Jess poisonous to man and the higher animals than 
inorganic arsenic, while they maintain the poisonous action toward the 
protozoa that infest the blood and tissues. In other words they are 
less organotropic and more parasitotropic. Ehrlich supposed that certain 
parts of the molecule in these compounds attach themselves to the 
parasites, and that these haptophorie groups then allow the poisonous 
part, or toxophoric groups, to act on the protozoa. The tissues of the 
mammals do not afford points of attachment for the haptophorie groups 
and therefore are not attacked by the toxophoric radical. This hypothe- 
sis of Ehrlich served a valuable purpose in stimulating and directing 
research on chemotherapy but new facts have come to light which 
render it untenable in its original form. 

Arsenicals Used in the Treatment of Syphilis 

Since Ehrlich’s introduction of arsphenamine for the treatment of 
syphilis a number of organic arsenic compounds have been prepared 
and used in the treatment of this common disease. Until the recent 
advent of penicillin these organic arsenicals were the principal drags 
effective in the treatment of syphilis. Whether or not this antibiotic 
shall ultimately displace the arsenic derivatives or offer an adjuvant 
method for therapy, must an ait further experimental study. The 
organic arsenicals used in antiiuetic therapy may be classified as (1) 
those derived from arsphenamine base which contains two benzene 
rings and (2) those containing a single benzene ring. 

The mechanism of action of the organic arsenicals has been a matter 
of much investigation. Vocgtlin and Smith found that compounds of 
the type of It-As=0 (“arsenoride") produce a rapid trypanocidal 
action both in tiro and in ritro, and also produce more immediate toxic 
effects on the host. They suggest that arsphenamine undergoes parti,-*! 
oxidation in the body and that these oxidation compounds arc responsible 
for the curative and toxic actions of arsphenamine. Vocgtlin also 
found that nrsenoxide combines readily with substances containing a 
sulfhydrj 1 grouping and the latter can inactivate the former. He sug- 
gests that combination with sulfh>dr>l compounds, glutathione for 
example, may play nn important part in explaining the toxic and 
curative action of arsenical derivatives. Eagle, working with \ indent 
8. pallida fre'h from rabbit chancre?, found that arsphenamine and 
ncoarsphcnaminc arc antispirochetal in xiito in concentrations of 
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about 1 in 200,000 and arsenoxide ip a concentration of about 1 in 
1 ,000,000. The organisms were immobilized and rendered non-infectious 
for other rabbits. These concentrations are of the same order as those 
attained in vivo after therapeutic administration. The idea originally 
held that compounds of the arsphenamine type are inactive outside the 
body is therefore no longer tenable, though it is still probable that they 
are converted in the body into some more active compound. 

All these experiments suggest that the actions of arsphenamine and 
of its congeners do not admit of so simple an explanation as Ehrlich 
proposed and that cooperation of the tissues of the host is needed before 
the therapeutic virtues of these compounds are fully displayed. In the 
tissues they are changed into some more highly active organic compound 
of arsenic, 

Derivatives of Arsphenamine Base 

Arsphenamine, the 606th compound investigated by Ehrlich was 
introduced by him in 1907. It is para dihydroxy-^cta-diamino 
arsenobcnzene and was introduced under the name "salvarsan,” but is 
also known as Ehrlich’s GOG, diarsenol or arsenobenzol. 


As As 



Arsphenamine 

Arsphenamine is a specific remedy for syphilis in all its stages. It is 
injected intravenously in doses of 0,2 to 0.4 grams being prepared by a 
special technique in the form of the disodium salt prior to injection. 

In the treatment of early syphilis arsphenamine is given in courses of 
one injection weekly for six to eight weeks alternately with a course of 
heavy metal therapy. This is continued for a year or more after all 
lesions are healed and the Wassermann reaction is negative. 

When arsphenamine is injected intravenously, there are as a general rule no 
symptoms elicited, but in individual cases effects varying from comparatively 
trivial disturbances to grave and even fatal issues have been met with- Some 
of the more serious effects are definitely a variety of arsenical poisoning; others, 
less severe, are due to the bulk of fluid injected and the colloidal nature of the 
solution. 

Immediately after the injection there may be n feeling of faintness, head- 
ache, flushing and heat in the head and face, giddiness and nausea, general 
malaise, profuse sweating, dyspnea, or restlessness and tremor; vomiting and 
diarrhea have occurred sometimes There may be a fall in blood-pressure. 
Some fever followed in the earlier cases, from the use of water contaminated 
with the proteins of killed bacteria. These early symptoms are rarely of serious 
import, and have become rarer, as experience in the use of the drug has grown 
and suitable precautions have been taken to prepare the patient for what should 
be regarded as in the nature of a surgical operation The faintness and sjmcope 
are sometimes due to fear of the injection and aTe rarely seen if the patient ts 
in the recumbent position. 
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More alarming effects which are pf the same nature as the flushing are the 


a course of treatment, they suggest caution in the dosage and longer intervals 
between the injections. These effects seem due not to a toxic action of arsenic 
but to an alteration in the blood proteins, or perhaps agglutination of the red 
1,1 1 “ * * he arsphenamine injec- 

These reactions can 
. nephrine or prevented 

d the local manifestations 
example, when arsphena- 
skin lesions swell up, and 
This may perhaps arise 

from the poisonous action of the proteins freed from the dead spirochetes. 

Severe symptoms have arisen in rare cases several days after the injection, 
and fatalities have followed either from cerebral symptoms (encephalitis hemor- 


but misadventures from "this cause have become less common since 'biological 
standardization of it has been adopted. The possibility of faulty technique, 


Excretion. —When a single dose is injected intravenously, arsphenamine 


may ue ouiuineu iium me mei anu in.uiun us uu, us iui uu.js juu »«, mtia- 
venous injection in animals, but no arsenic is to bo found in any of tiic organs 
after fifteen days. . _ . . 


into the blood. Arsenic is not lound in tnc ccrcorospinai nuiu alter me intra- 
venous injection of arsphenamine. ,, „ , , , ... 

The cxcrcti ' 1 

more rapid. 

more rapidly • , . ' ’ ' • 

by the tissue cells. 

Therapeutic Uses.— Arsphenamine was introduced by Ehrlich for the 
treatment of syphilis and has been succeeded in large part by other 
arscnlcals which have the advantage of being available w itli less manipu- 
lation. At first it was hoped that a single injection of arsphenamine 
would suffice to destroy the spirochetes of syphilis and realize the ideal 
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of complete sterilization of the tissues ns far as the agent of this disease 
was concerned. Although this hope has not been entirely fulfilled, the 
introduction of these arsenical compounds in the treatment of syphilis 
was a very important advance in medicine. Very frequently a single 
injection of arsphenamme frees the blood and local lesions from parasites 
within a few hours, and the Wassermann reaction, which is specific for 
syphilis, disappears; in a certain number of early cases the disease is 
healed, but In others the reaction returns. Some weeks or months later 
the spirochetes can be found again and symptoms of secondary syphilis 
begin to appear. The first injection suffices to destroy the great mass of 
parasites, but a few survive and reinfect the tissues. In practice it is 
found that repeated injections are necessary. Voegtlin found that in 
rabbit syphilis, 4 doses of 0 mg. per kilo at intervals of six days gave 
better results than 24 mg. per kilo in a single dose and concluded that 
the effectiveness of repeated fractional doses is due to the prolonged 
contact of the drug with the tissues. 

In the treatment of several other protozoal diseases, arsphenaminc has 
proved as successful as in that of syphilis. Thus in frambesia (yaws), 
recurrent Sever, and Vincent's angina, it is remarkably efficient, and in 
spirillosis of the lower animals an equal success has followed its use. 
However, 'as in the case of syphilis, penicillin shows promise of becoming 
the drug of choice in these diseases. 

In cases of emaciation and malnutrition, the organic arsenic prepa- 
rations are to be used with special care and in low doses, and in disease 
of the heart, vessels, or brain, and in very old and feeble persons or those 
suffering from nephritis or diabetes, arsphenamme should not be em- 
ployed. 

Neoarsphenamine, was introduced by Ehrlich as a substitute for 
arsphenamme which did not require allfalinization prior to injection. 
It is also known as neosalvarsan, Ehrlich 014, neodiarseiio! and 
novarsenobenzol. Chemically it is the sodium metharial suffoxylate 
derivative of arsphenamme. 
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Neoarsphenamine 


Neoarsphenamine is less toxic than arsphenamme and is therefore 
used in larger doses (0 3 to 0.5 grams) and may be given intramuscularly 
or intravenously, the latter route being preferred. Neoarsphenamine 
has the advantage over arsphenamme in that it is easier to prepare and 
administer, Causes fewer gastro-iatestinal reactions; and is less irritant. 
It is an unstable compound and may deteriorate unless properly pre- 
served. 
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Silver Arsphenaniine, h believed to be a double salt of disodium 
arsphenamine and silver oxide but its exact molecular formula has not 
been established. It was introduced as an improvement over arsphen- 
amme with a view of combining the antisyphilitic action of silver with 
that of arsphenamine. The same untoward reactions roaj- follow its 
use as are observed with arsphenamine and neoarsphenamme. It is 
administered intravenously in doses beginning with 0.1 gram and 
increasing gradually at intervals of not less than four days to 0.2 gram as 
a maximum in women and 0.3 gram in men. Smaller initial doses are 
indicated in patients with nervous system disorders. 

Sulfarsphenaraine, the disodium dimethylenesulfonate of arsphenamine 
differs from neoarsphenamme in having two side chains instead of one 
and an extra oxygen atom on the sul fur. It is more stable in solution in 
the presence of air than neoarsphen amine but is more apt to give late 
reactions and dermatitis, purpura, meningo-vascular reactions and 
aplastic anemia. It is administered intramuscularly in doses cot exceed- 
ing 0.4 to 0.5 gram. Since it is well tolerated by intramuscular injection, 
it is useful in cases in which intravenous injection is difficult as in the 
obese or in infants. 
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Bjsmarsen is a sodium salt of a bismuth derivative of arsphenamine 
methylene sulfonic acid introduced to combine tin* chemotherapeutic 
effects of arsenic and bismuth in a single compound. It is administered 
intramuscularly in an initial dose of 0.1 gram with succeeding doses of 
0.2 gram, weekly at first and then bi-weekly in courses of treatment of 
20 doses or more. Dbmarsen is less effective than the other arsphena- 
mines and is slower in bringing about healing of the le-sions and reversing 
the Wassennann reaction 

ORGANIC ARSENICALS CONTAINING ONE BENZENE JUNG 
Oxophenarsine Hydrochloride is commonly referred to by its trade- 
name, mapharsen, which is derived from the first letters of its chemical 
designation, nurfa-amino-phenyl-hj droxy-aisine-hydrocldoridc. This 
compound was originally investigated by Ehrlich and Hata but dis- 
carded as too toxic. Tatum shotted, however, that de-pife its toxicity 
in comparison with arsphenamine, the compound was therapeutically 
highly cffcctnc and hence of value m syphil othem py. It has the 
advantage of being a pure stable chemical substance and relatively 
easy to administer, and in the dox*s used in therapy, well tolerated. 
It is administered intravenously in doses of 0.03 (for women) and 0.01 
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(for men) grams initially and 0.04 (for women) and 0.06 (for men) grams 
thereafter every four or five days. 

0 

1 

HCl 

OH 

• Maphitsea ' 

Tryparsamide, the sodium salt of phenylglycineamtde-i-arsomc acid, 
was originally introduced for the treatment of trypanosomiasis due to 
T. gambicnsc but is also used in resistant cases of syphilis of the central 
nervous system, particularly in patients with carl}* dementia paralytica. 
It is less effective in tabes and is of no value in other forms of syphilis. 
It is used extensively in central nervous system syphilis. 


O 



NHCBjCONHj 

Tryparsamide 

Like other pentavalent arsenic compounds particularly those in 
which an ~NH 7 group is in the position para to the As, tryparsamide has 
a tendency to produce amblyopia as well as nitroid reactions. The 
visual injuries should be guarded against by frequent examination of the 
eye grounds and visual fields. Tryparsamide is administered intraven- 
ously in doses not exceeding 0.04 to 0.05 gram per kilogram of body 
weight not oftener than once a week. 

OH 

t 

NaO - As « < « 

f^^NHCH^OSONa 

OH 

Ald&rsone 

Phenarscme Sulfoxylate (aldarsone), sodium aminohyd roxyphenylarson- 
ate methanal sulfoxvlate, is a pentavalent arsenic derivative which is 
used in the treatment of Trichomonas Vaginitis (by insufflation locally) 
and central nervous system syphilis. For the treatment of central 
nervous system sj-pbilis 1 gram of the drug, dissolved in 10 cc. of water, 
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is injected intravenously weekly for forty to fifty weeks with concurrent 
bismuth therapy during a portion of this time. It is also used as a 
supplement to fever therapy. , 

C1 \/ C1 

As 

OH 

Ctorarsen 

Dichloxophenarsine Hydrochloride, (clorarsen) was discovered many 
years ago but only recently shown to he useful in the treatment of 
syphilis. It must be properly buffered prior to injection and is admin- 
istered in initial doses of 0.03 gram (for women) and 0.01 gram (for men) 
intravenously every four or five days, the dose being increased to 0.01 
gram (for women) and 0.0G8 gram (for men) beginning with the second 
injection. 

Acetarsone, (Stovarsol) a pen ta valent arsenic compound, was originally 
introduced for oral me in the prophylaxis and treatment of syphilis but 
its action in this disease is uncertain and it is used primarily in the treat- 
ment of amebiasis in connection with which it is therefore discussed. 
Acetarsone is also used in the treatment of Trichomonas vaginitis and 
has been highly recommended for the treatment of yaws. In Tricho- 
monas vaginitis it is applied locally in the vagina in the form of a 
powder. Carbarsone, another pentavalent arsenic compound is also 
used in amebiasis. 

Fever Therapy.— Mention may be made here of the treatment of 
general paralysis by artificial inoculation with the Plasmodium malarias, 
either from infected blood or from the mosquito This method of treat- 
ment was introduced by von Jauregg in 1917, since when it has been 
extensively tried in most countries. The attack of benign tertian malaria 
thus produced is allowed to run its course for about G to 10 rigors, when 
it is stopped with quinine. In some case3 the patient has been allowed 
to have relapses of malaria according to the effect produced on the 
paretic symptoms. The malaria is then permanently stopped by quinine 
medication. In about 25 per cent of the cases marked amelioration 
of the original symptoms occurs. Malaria seems to act as a kind of 
“shock’* therapy, which is partly due to the fever induced. Other 
forms of fever, artificially produced, have been tried in neurosyphilis 
with beneficial effects. 

DRUGS USED IN TRYPANOSOMIASIS 

Following the World War I the German dye trust marketed a secret 
remedy called Gerraanin or Bayer 205 which was claimed to be effective 
against African sleeping sickness and the use of which it was hoped would 
open up vast areas of Africa to immigration. Foumeau, soon elucidated 
the structure of Bayer 205, synthesized it and made it available ns 
Fourneau 309. The drug was remarkable in the fact that it contained 
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no metal and thus proved that non-metallic organic compounds might 
be effective as anti-infective chemotherapeutic agents. The use of 
Fournenu 309 has proved disappointing in African sleeping sickness, 
being effective only in the early hemic cases of infection with 2\ rho- 
desiense and of little value in the more common infection with T. gam- 
biense. In the latter disease, trypar-saraide, which has already been 
discussed under the antisyphilitic drugs has proved much more effective. 
Germanin, or Fourneau 309 is included in the British Pharmacopeia 
under the official designation Suramin. 

In addition to tryparsamide, several other arsenicals have been tried 
in African trypanosomiasis. The drugs most recently suggested are 
Triazine Arsonic acid, introduced by Friedheim, p-arsenosophenyl butyric 
acid and various diamidine derivatives (stilbamidine, pentamidine, etc.) 

The treatment of trypanosome infections with arsenic preparations ts com- 
plicated by the fact that the parasites rapidly develop tolerance to the drug. 
If an animal infected with trj'panosomes receives an injection of atoxyl, the 
parasites disappear from the blood and none may be found in it for many days 
or weeks, then a few reappear and rapidly multiply but are again destroyed by 
a second dose; the interval before they are again seen m the blood is shorter, and 
becomes shorter with each succeeding injection until atoxyl no longer frees the 
blood from trypanosomes even in the maximal dose which can be given without 
injury to the host. If a second animal is now infected with the blood of the 
first containing these resistant trypanosomes, it is not improved by atoxyl, 
the descendants of the resistant type maintaining their tolerance of atoxyl 
through an indefinite series of generations. This form of resistance appears to 
arise, partly at least, from a process of selection by the survival of the most 
tolerant. The first dose of atoxyl destroys all but the most resistant of the 
trypanosomes, and these multiply and again the most resistant survive the 
second dose, and thus a strain is eventually reached which is as resistant to the 
atoxyl as the tissues of the host. This change in the character of the trypano- 
somes depends on their asexual generation and is readily intelligible when it is 
realized that successive generations are really only fragments of the original 
resistant individuals Whenever a sexual cycle is interposed, all the resistance 
to atoxyl is lost. A strain of trypanosomes which has developed tolerance for 
one of the organic arsenical preparations (arsenic-fast) is generally tolerant to 
the others also, but not in such high degree to inorganic arsenic. 

Preparations * 

Acetaksoi. (B. P.), arcetarsone, 3-acety!amino-4~hydroxypheny3arsonic acid- 

Dose, 0 06 to 0 25 gram. 

Arsphe Nashua (TJ. 8 . P.), Arsphenamine, Salvarsan, diamino-dibydroxy- 
arsenobenzene hydrochloride, HC1 NHiOHC«HjAs - AsC«H 3 OHKH 5 HC1.2H t O, 
is & yellow, crystalline powder containing 31.5 per cent of arsenic metal and, 
readily oxidizing m the air; it is accordingly kept in vacuum tubes. It is readily 
soluble in water with an acid reaction Dose, 0.3 to 0.6 gram by intravenous 
injection. The arsphenamine tube should not be opened until required.^ The 
contents are dissolved in sterilized saline (0.9 per cent) and neutralized to litmus 
with normal caustic soda solution (0.85 ce of normal NaOH is required for each 
0.1 gram of arsphenamine) , a precipitate 1 s formed which redissolves on shaking. 
The solution should be very dilute for intravenous injection, at least 25 cc 
being used for each 0.1 gram arsphenamine Great care must be taken that 
the solution is not injected into the tissues around the vein as it causes intense 
pain and induration 

Neoarsphen amina (XJ. S P,, B P.), Neosalvarsan, is a yellow crystalline 
powder, containing about 20 per cent of arsenic. Three parts of neoarsphenamine 
therefore equal tn arsenic content about 2 parts of arsphenamine. Dose, intra- 
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variously, U. S. P., 0.45 gram; B. P., 0.J5 to 0.0 gram. The contents of a newly 
opened tube are dissolved in 10 to 15 cc. of sterile, recently distilled water. The 
solution is neutral in reaction and requires no addition of alkali as in the case 
of arsphenamine. 

Sulfarsphex amina (U. S. P.), SuLPiUK srnr.NAMtNA (B. P.), an orange- 
yellow powder, readily soluble in water, yielding an acid solution For intra- 
muscular or subcutaneous use it is dissolved in freshly-prepared distilled water 
in the proportion of about 0.1 gram to 0.3 cc.; for intravenous use m the pro- 
portion of 0.1 gram to 3 cc. Dose by subcutaneous or intramuscular injection, 
U. S. P., 0.45 gram, B. P , 0 1 to 0.6 gram. 

TRYPARSAMiDV&t (U S. P., B. P }, a « lute crystalline powder containing about 
25 per cent of arsenic. Dose, 2 grams dissolved in 10 cc distilled water, intra- 
venously; also given intramuscularly. 

DiCTiLonoPHENARsiMiE Hyduochlomdum (U. S. P.}, o white powder, soluble 
m water, distributed usually as a mixture with buffering agents Dose, 45 mg., 
intravenously. 

OxoruEN'AnsiN.E llYDnocm-ORiDuM (U. S. P.), a white powder, soluble in 
water, distributed usually as a mixture with buffering agents. Dose, 45 mg., 
intravenously. 

Soraminum (B. P.), suramin, C»>H».OjsN ( S«Na», the symmetrical urea of the 
sodium salt of m-benzoyl-w-amino-p-methylbcnzoyl-l-arnmonaphthaJene-4 6 8- 
trisulphomc acid. Dose, intravenously, 1 to 3 grams 
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V. PHOSPHORUS 

In die early part of the last century phosphorus was regarded almost 
as a panacea m therapeutics, but it has been discarded ns without 
therapeutic value whatever At the same time, it has been the subject 
of much am! laborious investigation, partly became formerly it fre- 
quently gave rise to poivming, nwt partly because the studv of its 
effects lias thrown much light on some physiological and pathological 
processes. A more detailed account of there effects was given in previous 
editions of this hunk Phosphorus seems to W of diminishing thera- 
peutic itud toxieologpid importance. so that only a brief survey of its 
notions is now ms v>'-my 

Phosphorus is absorbed with <JiflienU> , because it is \eiy insoluble 
in water ami the bod> fluids «nd is onl\ slowly volatilized at ordinary 
bt»di temperature l-arge masses of phosphorus may thus pass through 
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the alimentary canal without serious effects, because they fail to be 
dissolved and absorbed. But when it is taken in a finely divided con- 
dition or in solution in oil, it gives rise to symptoms in very small 
quantity, and has been found to induce fatal poisoning in man in doses 
of 0.05 to 0.1 gram. The red amorphous phosphorus is much less poison- 
ous than the ordinary yellow form because it is less soluble and also less 
volatile, and consequently fails to be absorbed. 

Phosphorus has often been used as a suicidal poison, generally in the 
form of rat poison or match heads. Formerly each match head was 
estimated to contain 3 to 5 mg. of phosphorus, so that 15 to 20 match 
heads might induce fatal poisoning. The use of poisonous yellow 
phosphorus in match manufacture is now generally prohibited by law. 
Phosphorus sesquisulfidc (P 2 S 3 ), now usually employed, seems to be 
even safer than red phosphorus. “Safety matches” have no phosphorus 
on the sticks, only red phosphorus on the striking surface. 

Symptoms.— When a poisonous dose of phosphorus is swallowed, no effects 
are elicited, as a general rule, for several hours. The first symptoms are pain 


par ucu may 11 the dose nas ueeu small, or if most 01 it has Deen removeu uy 

1 • ’ ' 1,1 ' ’ " ’ course of a few days, however, 

ied by some jaundice; the pain 
■ , • to the whole of the abdomen. 

The vomited matter no longer contains phosphorus, but may be bloody. The 


and eventually a condition of collapse and fatal coma or delirium and convulsions 
follow. 

Exposure to the fumes of phosphorus has long been known to give rise to 
periostitis and necrosis of the lower jaw. The disease begins from a carious 
tooth or from some lesion of the gum, and may involve most of the jaw, which 
becomes swollen and painful and eventually evacuates large quantities of pus 
with pieces of dead bone. This necrosis was formerly frequent in match factories, 
but has become almost only of historical interest since amorphous phosphorus 
has been substituted for the yellow form, and since greater attention has been 
paid to the ventilation of the factories and to the condition of the teeth of the 
employees. 

Action :Fatty Infiltration. — A very striking feature in phosphorus poisoning 

is the app ' * * * ’ *’ 1 1 ,_r 

in those c ' j 

fibers of tl ■ * 

muscles. r 

occupies $ • 

process commences in cloudy swelling of 
granules which soon develop into fat glot ' i 
break up into detritus. 

Another feature in phosphorus poisoning, which is, however, better seen ' 

after repeated small doses than afte~ ' ’ ’ *’ "■ * 

the Interstitial Connective Tissue of • 
induces typical cirrhosis of these org 

the necrosis of the parenchyma cells, and may result in dropsy, anemia, 
cachexia in animals. 
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The fatty changes in ’ ’ ’ " ' •' "• ’ ’ r • •• 

the abdominal pain, th 
secondary symptoms. r 
vomiting and nausea of the first stage. 

The Liver is early involved in the action of phosphorus There is a rapid dis- 
phosphorus poisoning; this is said to 


the organ. 


considerable increase in the area of 
luce some pain and tenderness over 
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consisting of marked dyspnea, purgation, weakness, tremor, and finally violent 
convulsions and respiratory failure The oxygen compounds do not seem to 
have any such effects, and for the most part are harmless except in very large 
doses. 

Treatment of Phosphorus Poisoning . — Phosphorus is comparatively 
slowly absorbed from the alimentary canal, so that in the early stages 
an attempt ought to be made to remove it by emetics or the stomach 
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tube, and by purges. Fats and oils must be avoided, as they tend to 
dissolve the poison and promote its absorption. Phosphorus has been 
found in the stools three days after its ingestion, and a sharp purge may 
therefore be of use up to this time. 

Sulfate of copper is recommended in phosphorus poisoning, a large 
dose being given first as an emetic, and afterward smaller doses to form 
an insoluble compound, copper phosphide. To minimize damage to the 
liver a high protein, high carbohydrate, low fat diet should be given and 
the fluid intake maintained at 3 to 4 liters per day. 

Therapeutic Use.— Phosphorus was formerly often prescribed but 
there is no rationale for its use. Radioactive phosphorus in the form of 
the phosphate is used experimentally in the treatment of certain forms 
of leukemia in which its effects resemble those of ar-ray irradiation. It 
is also a useful tool in elucidating the many biochemical reactions in 
which phosphate ion is concerned, in the determination of the blood 
volume, and has been advocated for the treatment of polycythemia. 
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PART II 


Substances Which Are Characterized 
Chiefly By Their Local Action 


This class contains a very considerable number of drugs many of 
which, however, have practically identical effects and might be discarded 
without loss to therapeutic practice. Many of its members arc irritants, 
and these have been subdivided for convenience into groups according 
to the organs on which they exert their chief action and the purposes for 
which they are used in therapeutics, as gastric, intestinal, or cutaneous 
irritants. Others act ns protectives, covering injured surfaces (demul- 
cents, emollients) and still others precipitate the proteins on the surfaces 
to which they arc applied (astringents). As more specifics have been 
added to the physician’s armamentarium the tendency lias been to rely 
less on these minor drugs which have gradually lost their former im- 
portance in Pharmacology. Nevertheless they do often contribute to 
the comfort of the patient and to the art of medical practice and hence 
are worthy of attention. 

I. SKIN AND MUCOUS MEMBRANOUS PROTECTIVES 

1. Demulcents.— A large number of colloid substances— chiefly gums, 
dextrins, certain sugars and starches— owe their use in medicine, not 
to any changes they produce in -the cells with which they come in contact, 
but to the fact that they are cohesive and serve to protect surfaces 
mechanically. When they are applied to a sensitive surface, they retard 
the movement of fluid or air Against it and thus preserve it from the 
effects of these agents. This may be illustrated by familiar examples in 
w'hich the taste of food is altered by their presence, although they have 
often no taste or odor in themselves. Sugar dissolved in mucilage tastes 
less sweet than in water, and acids are also less appreciated, as may be 
observed in many fruits. For example, the raspberry contains more 
acid and less sugar than the currant, but in the former the acid taste is 
concealed by the presence of large quantities of colloids, so that the 
raspberry is regarded as a sweet fruit, the currant as an acid one. Even 
cold is felt less when a colloid substance is present in the fluid swallow ed; 
thus, ice-cream or iced milk does not feel so cold on the tongue and 
throat as frozen water, because the colloid protein substances form 
a protecting layer over the surface, and prevent the cold mass from 
reaching the sensory terminations so freely as it otherwise would. Strong 
salt solution applied to a motor nerve first stimulates and then slowly 
paralyzes it, but both of these effects are much less marked if the solu- 
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tion be made up with mucilage instead of with water, because the salt 
does not reach the nerve so readily. In the same way, intense pain is 
caused in a wound by strong salt solution, but is much less severe if 
the solution contain colloid material. 

When demulcents reach the stomach, they act as protectives in some 
measure so that the reflexes from the epithelium are less active; and 
irritants cause less inflammation if they are suspended in demulcents 
than if they are dissolved in water; at the same time the presence 
of colloidal unabsorbable bodies may increase the efficiency of purgatives 
by preventing their absorption in the upper part of the bowel. The 
digestion of proteins outside the body is retarded by the presence of the 
demulcents, and probably this is also true of the process in the stomach. 
Colloid bodies also retard the absorption of fluids from the stomach 
and bowel, and this leads to a feeling of distention, which is much less 
marked if the same amount of fluid be swallowed without colloid; for 
instance, water is absorbed more rapidly than milk. 

Demulcefits are used to cover inflamed surfaces; in tonsillitis, for 
example, they may be applied as gargles, or better by sucking lozenges 
containing them. They are not often applied externally for this pur- 
pose, as they are liable to serve as media for the growth of microorgan- 
isms. In gastric and intestinal catarrh their use is objectionable for the 
same reason, their slow absorption leading to decomposition with the 
formation of irritants, which may do more harm than is counterbalanced 
by their protective action. Instead of demulcents, some of the oils, such 
as olive oil, have been recommended as protectives in disease of the 
stomach and intestine. 

In acute irritant poisoning the demulcents are often of great value, 
as they protect the stomach wall from the effects of the poison. The 
best remedy in these cases, because the most readily obtainable, is 
milk or white of eggs. 

Demulcents are often given instead of pure water in cases where it 
is desired to administer large quantities of fluid, as they have more 
“body” and are more agreeable to the taste. Thus, barley water or 
some other demulcent may be advised in order to assuage the thirst of 
fever, or to dilute the urine when it is too concentrated or too acid. 

Demulcents are often used as the basis of enemata which are in- 
tended to be absorbed, because solutions containing colloids are less 
irritant and therefore less liable to set up peristalsis than pure water. 
For this purpose starch solution is generally used. 

Some of the gums, notably acacia and tragacanth, are seldom advised 
as demulcents, but are often prescribed in order to hold in suspension 
in water such insoluble bodies as resins and oils, or to give cohesion to 
pills and lozenges. 

Gelatine is largely used as a demulcent in the preparation of pastilles 
for the local application of medicaments to the throat. It is also used 
to solidify glycerin for use as a suppository, and in similar combination 
for bougies and pessaries. Pastes of gelatine are also prepared for 
external application. In the form of soups and jellies it is used as a 
nutrient, being an easily digestible protein. 
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Preparations 

Acacia (U. S. P-, B. P.) (gum arabic), a gummy exudation obtained from 
Acacia Senegal, consists of the potassium, magnesium and calcium salts of a 
weakly acid substance, arabin, or arabinic acid (C a H l0 Oj). It is soluble in equal 
parts of water, and is used as a demulcent, but more largely as a vehicle for 
other drugs. 

Amylum (U. S. P-, B. P.), or starch, may be formed into a jelly by boiling in 
water, and may then be used for the same purpose as the demulcents 

Extractum Guycyrrhiz.e (U. S. P., B. P ). Dose, B. P., 0 6 to 2 grams, 

Extractum GLYCYRRHiZiE Liquidum (B. P.), an extract of liquorice in chloro- 
form water. Dose, 2 to 4 mil. 

Extbactum GlYOYRRHIZ/E PCRUil (U. S. P.). 

Fluidextractum Gt-rcYRRHizas (U. S. P.). Dose, 2 cc. (30 min.). 

Glyceritosi Amyli (IT. S, P.), Glyceimnum Amixi (B. P ), is a jelly formed 
by heating starch with water and glycerin 

Oi/YCTRimrzA (U. S. P., B. PA or liquorice-root, the root of GJycyrrhiza 
glabra (var, glandulifera), is used as a demulcent, and more largely to flavor 
medicines. It has a pleasant, sweet taste, owing to the presence of Glycyrrhizm, 
an acid glucoside. Dose, B. P. t 1 to 4 grams. 

Muchago Acacia; (IJ. S P.), 35 per cent acacia in distilled water Dose, 
15 cc. (4 fl. dr.). (B P-), 40 per cent acacia in chloroform water. Dose, 4 to 
10 mil (GO to 240 min.). 

Mucilaco TnAGANCANTHA; (U. S. P.), G per cent Tragacanth with water and 
glycerin. (B. P ), 1.25 per cent in chloroform water. Dose, 4 to 1G mil. (GO to 
240 min.). 

Pcivis Giycyrrhiz.e Compositus, compound powder of liquorice, containing 
aonna, liquorice, fennel, sulfur and sucrose. (B. P.), dose, 4 to 8 grams. 

Tragacantiu (U. S. P., B P ), a gummy exudation from various species of 
Astragalus, contains salts of arabin and tragacanthm Tragaeanttnn differs 
from arabin in not dissolving, but merely swelhng up into a jelly m water. 
Tragacanth is used chiefly to suspend heavy powders in water. 

Numbers of other substances are used as demulcents in domestic 
medicine, and are found in different pharmacopeias Examples of these 
are sassafras pith (Sassafras Mcdul/a), slippery' dm (IFlrnus), marsh- 
mallow root (AUbca), linseed (Limtm), barley ( Hordeum ), salep, ver- 
baseum and quince seeds. Iceland moss is a lichen (Cciraria island tea), 
and contains starch bodies together with acids, which can be removed 
by soaking in dilute alkaline solutions for some time. Irish moss or 
Carragheen (Chondna), a seaweed gathered on the coasts of Ireland 
and Massachusetts, contains a carbohydrate, carrageenin. The decoc- 
tion forms a jelly when cold. 

2. Emollients and Protective:?.-- Emollients are bland, oily substances 
which are applied to the skin to protect it from irritation, and to render 
it softer and more clastic; they thus bear the same relation to the skin 
as the demulcents to the mucous membranes Their effect in rendering 
the skin softer nnd more pliable may be due in part to their penetration 
into the surface layers, but may also be explained by the slight congestion 
induced by the rubbing and massage used in their application. 

The emollients are chiefly animal and vegetable fats and oils, or 
paraffin derived from petroleum. The effects of these drugs w hen applied 
to the skin arc purely local. The emollient preparations are supposed to 
promote the absorption by the skin of drugs dissolved in them, because 
they mix readily with the thin layer of oily sebaceous matter which 
covers it. The active substances dissolved in them therefore come into 
13 
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intimate contact with the absorbing cells lining the ducts of the glands, 
while watery solutions are separated from the living cells by a layer of 
sebum. Aqueous solutions come into more intimate contact with the 
cells of the mucous membranes and with the subcutaneous tissues, and 
are therefore more readily absorbed by these than oily solutions. It 
has generally been supposed that substances are more easily absorbed 
from the skin if the vehicle is an animal fat, c. g., lard or lanolin, but 
Bliss found no difference in absorption of iodine, quinine, etc., whether 
the ointment base was soft paraffin, lard or lanolin. Maclit similarly 
found that none of the common bases used in ointments ( e . g., fixed 
oils, fats, lanolin or petrolatum) facilitated the absorption through the 
normal skin of drugs incorporated in them. Volatile substances, espe- 
cially if soluble in fats, are however, readily absorbed through the skin. 
Solutions in oil of such antiseptics as carbolic acid are much less powerful 
than those in water, because carbolic acid being more soluble in oil fails 
to diffuse into the watery protoplasm of the microbe, for which it has 
less affinity. But antiseptics which are more soluble in water than in 
oils are said to be equally active in both solvents. 

The emollients are applied as protectives in abrasions, cuts, bruises, 
chapped hands, burns; they are less often used alone in extensive skin 
diseases, but are usually prescribed in these as the basts of ointments 
in which other remedies are incorporated. There is no question that 
the protection, afforded to the part and the exclusion of the air and of 
germs by the oily emollient plays an important part in the action of these 
remedies, and it seems probable that in many cases equally good results 
would follow the application of the emollient without any active in- 
gredient. 

The emollient ointments are also applied to wounds and mucous 
membranes as protectives and also as vehicles for other remedies. 
Here they have a more lasting effect than watery applications, which 
- are more readily absorbed. Emollients are seldom applied to the mouth 
because of their unpleasant oily taste, but the eye, nose, urethra, vagina 
and rectum are often treated with them. 

Along with the emollients, or oily protectives, may be mentioned 
another class of mechanical agents, the Dusting Powders. Any dry, 
insoluble, fine powder applied to irritated surfaces of the skin, or slight 
abrasions, will protect these from the air, and from contact with the 
clothes and other sources of pressure. These powders, at the same time, 
soak up any secretions, and render the injured spot less liable to bacterial 
infection, as they form a more or less impermeable crust. Powders 
used for this purpose should not be absorbed, or, if absorbable, should 
not induce any toxic effects. Those most commonly employed are the 
phosphate and carbonate of lime, talc, Kieselguhr, fullers’ earth and 
kaolin, aluminum silicates, and starch. A large number of powders are 
used as surgical dressings. Their virtues are due to their mechanical 
properties, and not to their bactericidal action. 

PaBPATUTIOJfS 

Adeps (U. S. P-, B. P.), lard; the prepared internal fat of the abdomen of 
the p«g, purified by washing in water, melting and straining. 
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An era Bexzoixatcs (U. S. P., B. P.), benzoins ted lard, is nrejwrcd from 
lard by the addition of benzoin, which is believed to pre«mc it men her* nisnc 
rancid, and certainly conceals the odor. 

UxotJENTCll Atni'M (U. S. P.), white ointment, consists of woo! fit, v hue 
xx ax and white petrolatum. It is the base of many omtmctit* 

At>ecs Lax.e Htdrosus (U, S. P, B. P.), hxdrmi* wool-fat, hj.nlm, tie 
purified fat of sheep-wool, mued with not more than .10 per cent of water 
Ad EPS Laxa; (U. S. P., B. I'.), wool-fat without water 
Alcoholj.v Ian'£ (11. P.), wool alcohols 

UXGOE.VTCM ALCOHOLISM Lav.C (B. P.) t ointment of Wttol alcohols 
UxciTvrcM Simplex <11. P.), contaimnc wool-fat and paraffin* 

Wool-fat consists of cliolcstrm esters with some impimtso*. duo nut leion.p 
rancid, and differs from the older fat* in betne mivnhle m twite it* wndit of 
water without imme its ointment con*:«trncy. I-auohn is xerx often u*cd a* an 
emollient application, as well as to form .a 1n*is fur more aetnc dm.:* The 
unhjdmted wool-fat ts too sticky to be FAti«f«ctory The hxdrntcd form i* 
Kcncmlly too hard to lie u«ed as an ointment and i* therefore diluted with *oft 
paraffin (3 part") or olive oil (equal part*) 

PpritOLAtrsort pAiumva. When the more volatile constituent* nf pojn !e*.m 
arc distilled off, there remains a number of luchcr Iixdroearlion*. rim fly of tl c 
mar*h tra* series, which are u«cd in medicine ns emollient* The lower of the *e 
hydrocarbons are fluid at ordinary temperatures and are known a* 

PcnioutTvu Ltoctmit (l* P P ). I’AirarnvrM I-tyUDiss (B P), a ro!>»r- 
le«*, oily tran*parent liquid without odor or ta«te When the** are rrmoxed 
there remains 

Prntouvn-M {U P. P.), and Petv.olatcm Auifii (t T S P.), hurnsm 
Moi.lt. (0. PA, soft petnilate, winch ha* the con*:*tcncy of an ontrwnt, i* 
yellow or white in color, ond i* liquefied a few dearer* alioxc th** temperature 
of the Wood. When the d**tilhtn>n ia ramed further, t),e rra.duc n **>hd at 
ordinary temperature*, and i« known a* 

PAturnxt’M Di’Jtra (B I*\ or ha-d paraffin, which melt* at a nrpewhat 
luchcr temperature than j*ln»'euni j» Ux 
Soft petrolatum is more ext* nsivelv used than tin* othen a* a:i email rat and 
ai a bva for ointment*, ard has the advantage ovrr lard that it doe* rot lvce;v« 
rancid, a* a crncni! nile it is too soft hut max I*e made nf the po.j^r c<e * *b* c\ 
bv the addition of wool-fat o* of starch or zinc oxide (equal pxrt*}, r- tie 
Uxnvr.XTt’U Pakaitini (II P b ronlammt; hard and w/t parafT.n at d vx, 
may be cirploxfd 

Sex ml Oil* are al*o u*etf a* emollient* 

Otrutt Ouv.i: fU S P, U P nine oil, a fit**! oil olitarri frora tl e rip* 
fruit of the ohxe, OJea eurrjie* 

OtrrM Amighsij: fixmroi « ft* r> V ), ftirni Amyl'ul.t <11 P), a 
fixed oil ct pressed from hitter or n*t**t almond* It i* to l-c ih*ti* rus** el frtr' 
the t triable oil obtained from the bitter abound* Tie fixed <ri cirtv** r*. 
pni*x.c acid 

PsotTVirM Ayv.K Itovr .r h P .. eoM c*csrn, n fen* cf wd.b- wax. 
sprnr.aMi, f*d o' nimn-d* and rame lw s x. e-ratrd *» ith r» •*> wb*c* 

Pm.i i VTVu Aqi mni »B P ctv txsr* l<-o*wax, v fi paraffo «*xc, fctt^« 

• 'o*! or oil and water with ► l<rax 

Vaottvrt M !l*«»«rui , t* lit I* * * ir.tr e» t <i t *- 1 « 

OuniOo-nrniTKiM'ir *• P.B P* e tt*** **el < 5 

Ouiy xxvi ill P •. s***a" e . ! 

Tlio<»- nil rr-*-— rxrS otic- i*> o-rapr *- 1 a-d r*v !■** * •• 

orauO i-rU Ohxe e-1 ix rxte-rri'* a* <“• ! *-i *- { 

r ’!*" C-J f i' # xrc* W'd t* » e\tc- »'xr*r it. P *■ - ' f *«•-*»* ;%*- 

r V | frferpj f .• e 'if'e - ‘ t M } T^e-xt *• 

Wax «;«— \-c't «’» TU-nui A- I * 't i-f xt W» frdlu'. 

» »*r' rx Oxnhrd •• J • J b*l t • «’- e*»#- e-. * " ’* t * * 
ol .el, ,« eqertri', ,«« *i’ V *1 ! {f’-Xtr* »*!!*»->“** 
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Glycerinum (U. S. P., B. P.)» glycerin, a liquid obtained by the decomposi- 
tion of animal or vegetable fats or fixed oils, and containing not less than 95 per 
cent of absolute glycerin, CaHsfOH)*; clear, colorless, of a syrupy consistence, 
oily to the touch, with a sweet taste and no odor, soluble in water and alcohol. 

Glycerin is used as a solvent for a number of other drugs, the preparations 
being known as Glycerites (U. S. P.)» Glycerines (B. P.). 

Glycerin is somewhat irritant to the unbroken skin, when it is applied in the 


one or two volumes of water or rose water, glycerin is useful as an emollient 
in conditions of irritation of the skin and the lips from exposure to cold, and 
in similar conditions. Glycerin is not a disinfectant except in strong solution, 
in which it probably acts by the withdrawal of water from the microbes. 

Oleum Tiieobromatis (U. S. P., B. P.), cacao-butter, a fixed oil expressed 
from the seeds of Theobroma cacao, forms a yellowish-white solid having a 
faint, agreeable odor and a bland chocolate taste. It melts a little below the 
temperature of the body. Cacao-butter is used almost exclusively to form 
suppositories, in which astringents and other remedies arc incorporated. When 
"introduced into the rectum, they melt and the active principle is liberated. 

Sapo Duitus (U. S. P., B. P.), hard soap, white Castile soap, is prepared 
from soda and olive oil. 

Sapo Mollis Medicinalis (U. S. P.), Sapo Mollis (B.'P.), soft soap, sapo 
viridis, a soap made from potash and olive oil. 

Sapo Animalis (B. P,), curd soap, soap made with sodium hydroxide and 
'purified animal fats consisting chiefly of stearin; it contains about 30 per cent 
of water. 

These soaps are used in therapeutics as ingredients of liniments and plasters. 
" T ' 1 • thrown into the rectum as an enema, and in 

; » the anus generally provokes evacuation of the 

Soaps impregnated with antiseptics, such as perchloride of mercury, carbolic 
acid, tar, or iodine, are often used to disinfect the hands. 

The chief preparations in which soap is used in the pharmacopeias are: 

Linimentum Saponis (B. P.), soap liniment, and 

Linimentum Camphor.® et Saponis (U. S. P.), both contain about 4 per 
cent of camphor and are used as mild counter-irritants. 

Linimentum Saponis Mollis (U. S. P.). 

T 1 " ' 1 ' > in suspension, perfumed with vola- 

They are used largel}' as bases for 

Plasters are sticky, adhesive substances which are chiefly used to give 
mechanical support, but which are often impregnated with active remedies in 
order to elicit their local action on the skin. The basis of many of the plasters 
is lead plaster, which is obtained by the action of lead oxide on olive oil and 
consists for the most part of lead oleate. 

~ ' "lesive plaster. 

■! - - • the dried swimming bladder of several 

sp , in water, alcohol, and glycerin, and 

painted on taffeta. Isinglass, differs from lead plaster and its derivatives in 
being transparent, so that if it is spread on a flesh-colored cloth, it disfigures 
the hands and face less than the others. 

Lead plaster, adhesive plaster and isinglass plaster are used only to cover 
and protect cuts and abrasions, 'and to keep the edges of wounds in apposition. 
The adhesive plaster and isinglass plaster are superior to lead plaster, as they 
stick more firmly. It is perhaps unnecessary to add that plasters are always 

■ ■ cd 

■ 1 ■ ed 
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from cotton by the action of sulfuric and nitric acids, and which consists of a 
mixture of nitrates of cellulose. Collodion is formed by dissolving pyroxylin 
in a mixture of alcohol and ether. When these evaporate, there remains a fine 
layer of pyroxylin, which protects the surface to which it is applied and gums 
the edges of slight cuts together. This collodion is rendered less brittle by the 
addition of Canada turpentine and castor oil in small proportions, and is then 
known as flexible collodion. 

Cataplasma Kaoxjnx {B P.), a poultice of kaolin with the addition of boric 
acid, methyl salicylate, oil of peppermint, tlijunol and glycerin. 

CoLLomtr&f (U. S P.), collodion. 

Collodium Flexile (U. S. P., B P.), flexible collodion 

Kaouncji (B. P.), kaolin, a native aluminium silicate. 

PTROXYLimjit (U S. P., B. P.), soluble gun-cotton, colloxylin. 

Talcum PuRincATUM (U S. P.), talc, a purified, hydrous magnesium silicate 

Terra Siucea Pun m cat a (XI. S. P.), siliceous earth or kieseiguhr, a purified 
form of silica. 


n. SKIN IRRITANTS AND COUNTER-IRRITATION 

The practice of applying irritants to the skin in internal diseases 
is one of great antiquity. The theories on which this therapeutic 
method is based have changed with the advance of medical knowledge, 
until, no explanation satisfactory’ to modern skepticism being forth- 
coming, the use of these remedies has fallen into a certain disrepute 
in recent years. The old theory of revulsion or derivation was at first 
based on the belief that disease was a malignant entity or humor, 
which might be drawn from the deeper organs to the surface by means 
of irritation of the skin. Later, it was supposed that the congestion of 
the diseased organs might be relieved by the withdrawal of fluid to 
the skin, and thi3 belief has been held in more or less modified forms in 
quite modern times. In addition, it was recognized very early that 
irritation of the skin relieved pain in many instances. The means by 
which the skin irritation was attained were extremely numerous and 
varied; large numbers of drugs have been used, and in addition mechan- 
ical devices of all kinds were employed, such as burning, electrical 
currents, or the introduction of setons. In many of these the idea of 
irritation was combined with that of leaving a way of escape for humors. 
This latter is only of historical interest, but the practice of relieving 
internal organs by external irritation or counter<rritalion persists still, 
and perhaps merits more attention than it receives at the hands of 
many physicians. 

The effects of an irritant applied to the skin are local and remote. 
The first symptoms of irritation ere congestion and redness of the 
part, and many drugs which produce only this degree of irritation in 
ordinary circumstances, are known as Rubefacients. Stronger irritants 
cause blistering, and are called Vesicants, while some drugs which 
cause irritation and small discrete suppurations, receive the name of 
Pmtulants. _ ' 

Local Symptoms.— The application of an irritant to the skin causes 
a feeling of warmth, and often of itching, which may later become 
intensified into actual pain. The shin becomes red, congested, warm, 
and at first is more sensitive to touch and painful stimuli, though 
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the sensitiveness is afterward lessened. This condition persists for 
a longer or shorter time according to the nature .of the irritant, and 
then passes oft* slowly. Very often desquamation follows, if the rube- 
facient has acted for some length of time. Stronger irritation is followed 
at first by the same results, but soon small globules 'of fluid appear 
below the epidermis, and these coalesce so as to form a large accumula- 
tion of fluid, which raises the epidermis completely off the true skin, 
forming a blister. If the irritant be removed, the fluid of the blister 
undergoes a slow' absorption, so that in the course of a few days the 
epidermis forms an empty sack, which, however, is not obliterated by 
the adhesion of the walls. If the blister be opened, the sensitive dermis 
is exposed, and the secretion of fluid continues for some time, until a new, 
epidermis has been formed. 

The distinct and separate points of inflammation caused by the 
pustulants are due to their affecting the orifices of the skin glands and 
not the intervening tissue. They cause the same sense of warmth and 
prickling of the skin as other irritants, but even in the earlier stages 
of their action small, dark-red, raised points »are observed, exactly as 
in some of the exanthemata, and these afterwards form small abscesses. 
If the application be persisted in, these discrete abscesses may burst 
through the intervening tissues and become confluent, and large abscesses 
have thus been formed in the skin. When the irritant is removed 
before the formation of pus, the inflammation of the skin slowly sub- 
sides and the epidermis peels off as after the milder irritants. Pustulants 
arc seldom employed at the present time; croton oil applied vigorously 
may induce pustulation, and tartar emetic was formerly largely used 
for this purpose. 

The local effects of the rubefacients and vesicants are identical 
with those of acute inflammation. The pain and discomfort are due 
to the action on the nerve terminations, while the redness and swelling 
betray the local dilatation of the vessels. This latter appears to be 
due to a reflex from the sensory terminations to the vasodilator nerve 
ends on the vessels; the central nervous system is not involved in this 
reflex, for it occurs after division of the nerves of the part, but not 
after the peripheral fibers have degenerated; it is thus of the nature of 
an axon reflex (Bruce). The dilatation of the vessels and the slowing 
of the blood current in them lead to the transudation of fluid and 
leucocytes into the tissues, especially at the points where the irritation 
is greatest, and the accumulation eventually pushes off the horny 
epidermal layer from the living layers and forms a blister. The fluid 
in the blister has been shown to contain some of the irritant, which 
diffuses into it through the epidermis. The edema and swelling are not 
confined to the skin, but extends into the subcutaneous tissue and the 
more superficial layers of muscle. 

If the irritation be continued long enough, suppuration may com- 
mence in the blister and lead to deep erosion of the tissues. 

Remote Action. — Ix>cal irritation cannot exist without causing certain 
general changes which affect the whole organism, and which arise 
from reflex stimulation. Much light has been thrown on the subject by 
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the observations of Mackenzie and Head, who found that viscera! disease 
is often accompanied by tenderness of the skin and underlying muscles, 
and that the pain arising in these cases is referred to this area of skin and 
not to the organ involved. Thus in painful diseases of the stomach, 
tenderness is often found in the skin and muscles of the epigastrium, 
while in esophageal stricture, pain may be referred to a point near the 
angle of the scapula and to another in the neighborhood of the apex beat. 
Similarly in heart disease, pain is often felt in the left chest-wall and 
shoulder extending down the left arm. These points are, of course, only 
connected with the diseased organ by means of nerve-fibers, and it thus 
appears that impulses from such an organ arouse a condition of height- 
ened sensibility in the region of the cord on which they impinge, this 



Flo. 8 —Diagram to illuatrata the effects of visceral disease on sensation (after Mac- 
kenzie) S, diseased viseus, with afferent nerve fiber AT and efferent fiber A r ' issuing from 
the same area of the »pin3l cord The impulses from the diseased area induce a condi- 
tion of heightened sensibility zn the shaded area £, a motor nerve fiber to rauscJe, which 
carries more impulses than usual from the area in the cord and thus leads to a tome con- 
traction Of the muacla. A, the afferent nerve from the muscle and A' from the akm enter- 
ing the cord in the sensitive area and thus giving rise to the eenao of pain and tenderness, 
which is referred to the peripheral distribution in the «ku and muscle. 

affects all the synapses in the neighborhood (Fig. 8), so that impulses 
from very different structures may be altered by the affection of one. 
The sensation of pain aroused by this exaggerated sensibility is of course 
referred to the periphery, not to the focus in the cord, and this gives the 
impression of tenderness in the skin and muscles. ^ It therefore seems 
probable enough that an affection of these superficial areas may affect 
the corresponding internal organ more than the rest of the body, and 
this is exactly. what is required to explain the benefits derived from the 
use of counter-irritants. It is especially noticeable that several of the 
skin areas affected by internal disease are precisely those points at which 
experience has shown irritation to be most beneficial (Fig. 9). Thus the 
application of a blister over the epigastrium has long been recognized 
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as a means of relieving gastric disorders. Similarly the old treatment of 
iritis by means of a blister on the temple may be justified by the fact 
that Head found areas of tenderness on the temple accompanying this 
disease. 

The exact nature of the effects of counter-irritation on the internal organs 
has not been ascertained, but it would seem most probable that an alteration 
in the caliber of the vessels is induced. These alterations may be accompanied 
by 1 J1 ' mple, there seems good reason 

to • ' the abdomen produce evacua- 

tio ■ ■ counter-irritation very often is 



Fia. 9. — The right side is divided into segments which correspond to some of the skin 
areas in which Head found tenderness in internal diseases. 1 . Area of tenderness in 
disease of the lungs. 2. In diseases of the stomach. 3. In ovarian disease. 4. In dis- 
ease of the Fallopian tubes and other appendages. On the left side are represented the 
points of application of counter-irritants in disease of the lungs (A), of the stomach (D), 
of the ovary (C), and the uterine appendages ( D ). 

the relief of pain, and this seems explicable in the light of the observations of 
Mackenzie and Head. For if the pain in visceral disease is due to the disorder 

of the synapses in '■ * ’ *’ * *’ "" "' 1 

and from the supe ■ ■ . ' 

this area from the ■ ■ ■ 

to the brain to the ■ \ ■ ' ■ 1 

the pain arises from cramp in a superficial muscle innervated from the same 
level of the cord as the diseased viscus, an irritant applied over the muscle may 
increase its circulation and warmth and thus relieve the cramp and the pain. 

Besides thc«c physiological effects of counter-irritation, it must not be for- 
gotten that a great impression is produced on the patients, and that some of 
the benefit may be due to suggestion. 
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Therapeutic Uses.— Local irritants arc applied occasionally to pro- 
duce an alteration in the nutrition and blood supply of the skin itself 
and of the subcutaneous tissues. Thus in some chronic inflammatory 
conditions, with effusions into, or indurations of the subcutaneous 
tissues, the improvement of the circulation produced by slight irritation 
may be of benefit. An example of this is the treatment of ulcers of 
old standing with irritants. Another case in which a slight inflam- 
matory attack causes very obvious improvement is in corneal opacity, 
which may be removed entirely in. some eases by the acute inflam- 
matory reaction produced by such irritants as ahrine. 1’robably a 
similar effect is produced on subcutaneous effusions, as in bruises. 
It has been found experimentally that when abscesses in the subcu- 
taneous tissues are treated with mild irritation of the skin over them, 
they improve more rapidly than controls left without treatment; the 
increased blood supply leads to a larger supply of leucocytes and pro- 
tective substances around the inflammation than would otherwise he 
present. Similarly, the absorption of pigments injected into the rabbit's 
ear is much accelerated by the application of irritants to the skin over 
the part. Solhnann induced a series of nodules in the skin of his forearm 
by intracutaneous injections and found that their disappearance was 
hastened by the application of iodine over them. For these purposes 
only the milder irritants are required, in fact vesication may do more 
barm than good. 

Mild irritation alters the sensitiveness of the sensory organs of the 
skin, and heat is often appUed to alleviate pain and discomfort in the 
skin itself. In other instances pain 5s increased by heat, and, in fact, 
it is sometimes applied in the treatment of local anesthesia, with the 
object of rendering the surface more sensitive. In many forms of skin 
disease, mild irritants arc found to be of benefit; this is sometimes 
attributed to their antiseptic action, but the slight irritation is un- 
doubtedly of greater importance. 

Counter-irritants were formerly used in a large number of diseases, 
but their use has declined and they arc now employed only rarely. As a 
general rule they arc placed over the affected organ, and this corresponds 
fairly in most eases of disease of the. trank with Head’s area of skin 
tenderness. In the head, however, the segmental arrangement has been 
rendered very irregular In the compression in development, and counter- 
irritants nrc often found to be most effective when placed at some 
distance from the scat of pain, c. g , behind the ear in some forms of 
facial neuralgia and neuritis. Their action is very uncertain, but their 
application is often followed b\ great relief, more especially of pain. 

An enormous mimlwr of drags pnnlucc irritation of the skin, and it 
would lie idle to attempt to enumerate them here In many instances, 
however, the irritant action is insignificant in comparison with the 
other effects produced, and thc<c will, therefore, fie discussed else- 
where; among those are found Mime of the alkaloids, the adds and 
alkalies, and manv other inorganic preparations. Irritation of the 
skin mjij also Iw* produced hv heat nnd cold, and in fact burning in 
various forms was fonncrlv used ns a means of counter-irritation. Heat 
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is still employed to cause irritation of the skin and subcutaneous tis- 
sues, and to promote their circulation. Thus, poultices and hot water 
compresses are beneficial in many local inflammations, though the 
same effects may generally be obtained by the use of the milder irri- 
tants. Somewhat similar results may be obtained in ‘the trunk by 
dry cupping, in which the blood is drawn to the diseased superficial 
tissue by applying a glass tightly to the skin and exhausting the air in 
its interior, but this procedure is rarely used now. Cold is also used as a 
means of inducing local anesthesia. The application of a spray of ethyl 
chloride by its cooling effect or packing an extremity in ice induces 
sufficient anesthesia to permit surgery on the part thus treated. 

Apart from those drugs in which the irritation of the skin is merely 
an incident in a wider general action, there are a number of prepara- 
tions which are used almost exclusively for this purpose. They may 
be divided into three classes: the volatile irritants, such as turpentine 
oil; the mustard series, some of which are also volatile; and those which 
are either non-volatile or only boil at high temperatures, such as can- 
tharidin. 

1. The Turpentine Oil Group 

Under the volatile irritants may be included a large number of the 
ethereal oils and many members of the methane and of the aromatic 
series; but among the ethereal oils those which possess a low boiling 
point, that is, those which contain a large proportion of terpene, with 
comparatively little oxygen, are found to possess a more penetrating 
action than the others. At the same time, the taste and odor of these 
oils is often less pleasant than that of the others, so that they are less 
used as flavors and carminatives. The oils derived from the Conif- 
er x have, for this reason, been more largely used than the others for 
their effect on the skin, although several other volatile preparations 
are recognized by the pharmacopeia for this purpose. The action of 
these oils is similar in other respects to that of the general group (see 
p. 207), so that it need not be discussed here. 

Therapeutic Uses.— Turpentine oil is used externally as a rubefacient, 
and differs from mustard and cantharidin in its greater penetrating 
power. It is not so irritant; however, it blisters after long applica- 
tion, and the vesication produced is very painful and heals slowly* 
from the vapor penetrating into the deeper tissues. It is, therefore, 
employed to produce rubefaction only, and ought to be removed when 
this is attained. For this purpose any of the liniments of the group 
may be employed, or a more intense action may be got from the “tur- 
pentine stupe," which is made by dipping flannel in hot water, wring- 
ing it dry, and then dropping warm turpentine oil on it. Turpentine 
preparations are used especially in rheumatic affections of the joints 
or muscles, and in sciatica. Turpentine oil is a fairly strong antiseptic, 
and is less irritant than many of the more powerful ones. 

Some remedies which produce irritation of the skin of approximately the 
same degree as turpentine oil, but which are discussed elsewhere are camphor, 
chloroform, dilute acetic acid, ammonia, alkalies, alcohol, iodine and some of 
the heavy metal preparations. 
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, Preparations 

.Oleum Tereointhin* Rectificatum (U. S P), Oleum Tereointhw^ 
P.), is formed from ordinary oil of turpentine by redistiliation and consists 
of a mature of terpenes (CM!,,). 

Euolsom Olei Terebinthiimb (U. S. P.) Dose, 2 cc. 

LlNISIENTUll TEREBINTHIfL® (B. P.) 

. LwniENTUM Teredinthin* AceticOM (B. P ) is formed bj mixing; turpen- 
tine, glacial acetic acid, and camphor liniment 

2. Mustard 

Black Mustard, the seeds of Brassica sinapioides, contains a glucoside, 
Potassium Myronaie or Sinigrin, and a ferment, Myrostn, which decom- 
poses it in the presence of water into dextrose, potassium bisulpbatc 
and allyl-isosulphocyanate, or volatile oil of mustard. 

CjdHuKNStOi. ~ CAI.NCS + GrfltfOa + KHbO. 

SrtU sna Volatile oil Dextrose 

Action. — Volatile oil of mustard is intensely irritant « hen applied to 
the skin, and if left long enough produces blistering which is more pain- 
ful than that caused by cantharides, and is said to heal less readily 
This is probably due to the oil penetrating more deeply into the tissues, 
and thus setting up more extensive inflammation. Mustard is .accord- 
ingly use ( d only to induce rubefaction, and ought to be removed before 
actual vesication occurs. When the crude drug is moistened and 
applied to the skin, the oil is formed only slowly, so that the longer it 
remains applied, the more intense is the action. The glucoside in itself 
has little or no action, and the products of its decomposition are harm- 
less, with the exception of the oil. 

Uses.— Mustard is largely used aa a condiment and to promote 
Appetite, but is never prescribed for this purpose. In large quantities 
it causes violent irritation of the stomach and bowel, with vomiting, 
purging, acute pain and tenderness in the abdomen, and collapse 
Mustard and warm water is a convenient emetic in emergencies, as in 
eases of poisoning. 

The plaster or leaf (charta) is the form in which it is generally used 
in therapeutics. It contains the glucoside, which is slowly decom- 
posed by the ferment when the plaster is dipped in warm water for a 
few minutes before application. Another popular application is the 
mustard poultice, in w'hieh powdered mustard is sprinkled on an ordi- 
nary poultice. Mustard is also added to baths occasionally when 
a %ht irritation and consequent congestion is desired over a large 
surface. For this purpose 2 to 4 tcaspoonfuh of the dry ponder arc 
added for each gallon of water. In preparations of mustard it is impor- 
tant to avoid a temperature of over 00° (140° I 1 .), a3 the ferment is 
destroyed above this. The plaster is left on the skin only for fifteen 
to thirty minutes when it is used as a rubefacient. 

’ Pkeihratioxs 

Smm Nioiu {U. S. P.), the dned ripe seeds of Bnwica nigra 

Empla strum Sinams (U. S. P), black mustard powder rendered adheme 
by India-rubber, applied to sheets of paper and dried. 

Attrus IsoTinocTAN'AS {U. S P.) r derived from black mustard 
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3. Cantharidin 

Anotiier series of local irritants comprises non-volatile substances, 
of which cantharidin (CjoHjiOj) is the best known. It is an anhydride 
and when acted on by bases form cantharidates, which resemble it 
in action. It is found in Spanish fly (i Cantharis xcsicatoria, or Lytta 
vesicatoria ) and in several allied species of Colcoptcra (beetles). 

Action.— Applied to the skin, cantharidin produces redness, smarting and 
pain, followed very soon by small vesicles, which later coalesce into one large 
blister. This is much less painful than the vesication produced by mustard, 
because less of the irritant penetrates into the deeper tissues than in the case 
of the volatile mustard oil. If the blister be broken, however, and the unpro- 
tected dermis be allowed to come in contact with the irritant, violent inflamma- 
tion with much pain, suppuration nnd even sloughing may follow. . 

• When large quantities of cantharidin are given internally, the same irritant 
action takes place along the alimentary tract. If taken in solution, blisters arise 
in the mouth and throat, and the pain and swelling in the esophagus may be 
so acute as to prevent swallowing. The irritation of the stomach produces 
vomiting, followed by purging with excruciating pain in the abdomen, and all 
the symptoms of shock and collapse. 

Cantharidin is absorbed from the alimentary canal, and also to a lesser 
extent from the skin, but has no important action on the internal organs, u ith 
the exception of those by which it is eliminated. Vomiting occurs on subcu- 
taneous injection from some of the poison being excreted into the alimentary 

tract. Comparativel " ' ■. ’ •. 

desire to micturate, ' * \ ' • • 

up an acute nephrif 
times blood in the ur 

intense pain and often priapism; in women abortion is said to occur occasionally, 
and in both sexes the irritation may lead to increased sexual desire. 

Therapeutic Uses.— This drug is at present rarely used and exclusively 
as a skin irritant, and more particularly as a vesicant. The plaster 
is the form generally used. It is to be noted that in order to produce 
actual blistering, the plaster has to remain in contact with the skin 
some eight to ten hours, but an equal effect may be achieved by replac- 
ing the plaster by a hot poultice after four to six hours, when the. skin 
irritation has reached the stage of redness. The ointment is said to 
induce blistering sooner than the plaster. Cantharis is also used to 
cause rubefaction and commencing vesication (flying blister) ; this may 
be done by the use of the plaster. 

Cantharidin is liable to be absorbed from the skin, and its application 
is therefore avoided where there is any tendency to renal inflammation. 

Cantharis has been used as an aphrodisiac, and several eases of 
poisoning have occurred from its administration for this purpose. 

In cases of Poisoning with cantharides, the stomach ought to be 
emptied as rapidly as possible by the stomach tube, provided the 
esophagus allows of its passage. Demulcents and albuminous sub- 
stances are of use in slowing the absorption, but all oily or fatty bodies 
must be avoided, as they tend to dissolve the cantharidin and thus 
promote its absorption. Opium may be given for the pain, and if 
collapse sets in, the ordinary measures must be taken to combat it. 
Ellinger states that the action on the kidney in rabbits is more severe 
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when the urine is acid than when it is alkaline, and this suggests the 
treatment of the renal symptoms with alkalies. 

Preparations 
B. P. 

Cantuarimnum (CioHaOi)i obtained from various species of Cantharis or 
of Mylabris, 

Emplastrum Cantharidini, containing Q.2 per cent. 

Liquor Epispasticus, blistering liquid, 0 4 per cent. 

Toxic Skin Irritants 

Poison Ivy and Poison Oak. —The commonest form of poisoning in 
the United States is the skin eruption produced by the leaves of poison 
ivy and poison oak {Rhus toxicodendron and venenata), which Pfaff 
showed to be due to the presence of & neutral body, Toxicodendrol. 
The effects of poison ivy can arise only from touching the plant, the 
poisonous principle not being volatile. Very minute quantities of toxi- 
codendro! are sufficient to produce skin eruptions, however, 0.001 mg. 
causing distinct symptoms in susceptible persons. The popular belief 
that skin affections can be induced by approaching the plant, without 
actually touching it, is probably accounted for by the fact that the 
eniption may not appear until several days after contact, and that poison 
ivy is very frequently mistaken for harmless climbing plants. The 
statement that the poison ivy does not affect some individuals is also 
probably erroneous, though persons of delicate skin are undoubtedly 
more susceptible. Immunity is not acquired for the poison by repeated 
attacks of dermatitis. Other species of Rhus, e. g., R. vcmicifera (the 
lacquer tree) also give rise to dermatitis. 

In the dermatitis from poison ivy, the skin is washed and scrubbed 
with soap and water, or with alcohol. Ointments and oily liniments are 
to be avoided, as they dissolve the toxicodendrol and tend to spread it 
over the skin and thus produce further inflammation. For the same 
reason, the alcohol used to wash the part must be removed entirely, as 
the poisonous principle is soluble in it, while insoluble in water. Potas- 
sium permanganate solution is an efficacious application particularly 
if an aqueous solution of sodium bicarbonate is first applied and allowed 
to dry. A 1 per cent solution of potassium permanganate is then applied 
to the affected area. 

Eruptions similar to that from poison ivy arise from contact with 
a number of other plants of which the best known is the Primula ob - 
conica; this plant secretes some unknown substance which is intensely 
irritant to the skin of many people, and has frequently given rise to 
severe inflammation in gardeners and others. Cash found an alkaloid 
obtained from East India Satinwoo-d ( Ckloroxylon ) equally irritant 
when applied to the skin; the dermatitis from these bodies often appears 
only two to three weeks after contact with them, and even after appli- 
cation of the poison. Dermatitis from other woods has been described 
e. g,, S. African boxwood, W. African mahogany and teak. 

A number of the Ranuficuldees are irritant to the skin like cantharicies, but 
the active constituent has not been definitely determined. Mezcrevm, which 
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was formerly official, is similarly irritant,’ apparently from the presence of an 
irritant oil, Ccirdol, found in the fruits of Anacardium occidcntalc and in Seme- 
carpus anacardium, is a very powerful irritant, and has been used to a limited 
extent as a vesicant. Cardol is probably a mixture of a number of substances, 
but it is unknown to which of these it owes its activity. Euphorbin is paid by 
Buchhcim to be the irritant principle in the Euphorbia resin ( Euphorbia resin- 
ifera, etc.), and to resemble cantharidin in its anhydride form, but the salts and 
the cuphorbic acid which is formed from them by acids arc inactive. A very 
poisonous member of the Eupkorbiacex is the Manichecl tree, growing in the 
West Indies, and it apparently belongs to this series. 

Dichlorethylsulphide, or Thiodiglycolchloride (CIIjClCIIj^S, the notori- 
ous “Mustard Gas” of the First "World War, is a synthetic substance 
which has an irritant and destructive action on the skin, and proves 
fatal through pulmonary irritation when inhaled in even minute quanti- 
ties. It is a volatile oily fluid. Effects of contact with the fluid or vapor 
come on after a latent period of some hours. These consist of inflamma- 
tion, leading sometimes to vesication or necrosis. Mucous membranes, 
e. g., of the eye and of the alimentary and respirator}' tracts arc affected 
earlier than the skin. In addition to mustard gas, modern warfare has 
contributed a number of other irritant agents. The Lacrimators are 
substances which induce irritation to the eyes and include relatively 
non-toxic irritants as well as highly fatal poisons. The former have been 
used to disperse mobs and force persons from hiding. Among the 
simple lacrimators are chloracetophenone, brombenzyl cyanide, cthyli- 
odoacetate, benzyl iodide and bromide and brommcthylethylketone. 
Toxic lacrimators include bromacctone, chlorpicrin, chloracctonc, iodo- 
acetone and phenylcarbylamine. 

A number of arsine derivatives were also introduced in chemical war- 
fare. These comprise the Stemutators which are solids and are dispersed 
as a dust. This group includes diphenylcyanarsine, diphenylchlorarsine, 
ethyldichlorarsine, etc. 

Other lung irritants used as war gases are chlorine gas, phosgene ana 
dimethylsulfate which are used in industry and are occasionally the cause 
of poisoning. 

Nitrogen Mustards.— In this connection mention may be made^of the 
nitrogen mustards which resemble mustard gas and its derivatives m 
chemical formulte, except for the substitution of a nitrogen atom for 
the sulfur present in the latter. The nitrogen mustards act on malignant 
tissues and for this reason have been used experimentally in the treat- 
ment of such disorders as Hodgkin’s disease, multiple myeloma and the 
lymphomata. Their value in these disorders remains to be established 
but the preliminary results have opened a new field of investigation m 
the treatment of these neoplasia (Rhoads). 
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B3. VOLATILE OIL SERIES 

The group of volatile, ethereal, or essential oils contains a large 
number of preparations in the pharmacopeias of all countries. These 
oils are obtained from plants by distillation, or more rarely by pressure, 
and must be distinguished by the student from the fatty or fixed oils, 
\Vhieh are non-volatile. The volatile or ethereal oils are found chiefly 
in the fruits and flowering parts of plants, and are very widely diffused 
through the vegetable kingdom, though Some orders, such as the 
Labiatje, Umbelliferm, Aurantiacece, Cruclferre, and Coniferie, are pre- 
eminent in their production. They are all strongly odorous, and are 
therefore used in perfumery* and to conceal nauseous odors and tastes 
in medicine. 

Their composition is extremely variable. The commonest constituents are 
Terpenes, and some oils contain these only, while in a few oils no terpene has 
been found (Attar of Roses). Terpenes are hydrocarbons of the aromatic series, 
and possess the general formula (C 4 H«)n. The great majority of them, or the 
terpenes proper (CioHu), are combinations of a dihydrobenzene with propyl 
and methyl (C,H«(H,)C»H»CH») Some twelve terpenes of this formula are 
known, varying in their chemical structure and in their stereometries! form. 
Another group of these hydrocarbons is formed by the Sesquiterpenes (Cj»H m ), 
while a few Dilerpenea (CjoHu) are known. Some volatile oils consist of these 
hydrocarbons only, but most of them contain in addition some oxidized aromatic 
substances, such ns phenols, ketones, aldehydes, acids, and their compounds; 
as instances of these may be cited camphor, thujon (from oil of absinthe), 
sabinol (oil of savine), safrol, thymol, eucalyptol, myristiem and vanillin. 
Many of .these oxidized products crystallize out when the volatile oil is cooled 
sufficiently, and especially on long standing, and the resulting solid is known 
as a Stearoptene, while the fluid remaining is sometimes called Elaeaptcne. The 
oils containing oxygen are not so volatile as the pure hydrocarbons, 'but the 
odor is often due chiefly to the oxidized substances. A very few oils contain 
nitrogenous bodies, generally in the form of cyanides, while, on the other hand, 
the majority of the volatile oils of the Crucifer® contain sulfur bodies, which 
lend them a pungent disagreeable odor, quite different from that of the other 

The volatile oils are generally clear, colorless fluids, although some 
of them are green or blue in color. After long keeping they often ac- 
quire a yellowish color and an acid reaction, from the formation of 
resins. They are generally light, sparki ing fluids, but the oils of copaiba 
and cubebs are more viscid. They are insoluble in water except in very 
small amount, which, however, is enough to lend their characteristic 
odor to the solution; in strong alcohol, ether, benzene, chloroform, and 
fixed oils, they are freely soluble. 

Many of the plants from which the volatile oils are obtained possess 
other active constituents, such as bitters, and as many of the prepara- 
tions used in therapeutics are formed, not from the distilled oils, but 
from the crude parts of plants, it must be noted that the oil is not the 
only active principle in them 

Action Externally.— The volatile oils all possess antiseptic properties, 
which are doubtless due in part to their volatility and their solubility 
in lipoids enabling them to penetrate readily into protoplasm. Many 
of them appear to be more germicidal than carbolic acid in favorable 
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circumstances, but they are generally too insoluble in water to.be 
employed easily in surgery. 

Applied to the skin, they cause redness, itching and warmth, owing 
to a local dilatation of the vessels, which may be due to the penetration 
of the oil to the cutaneous arterioles or veins, or to a local reflex from 
the irritated terminations of the sensory nerves. When painted on the 
mucous membranes, such as those of the eye or nose, or on wounds, the 
volatile oils cause similar irritation, which is betrayed by redness and 
congestion, pain and smarting. 

Action on the Alimentary Canal.— Strong solutions of the oils have 
generally a hot, burning taste, and if kept in the mouth, cause redness 
and irritation of the mucous membranes, although some of them induce 
a sense of coolness at first. At the same time the organs of smell are 
affected by these oils, which are almost all possessed of characteristic 
odors. The irritation of the mouth leads to a reflex secretion of saliva, 
which is often very profuse. The antiseptic action of the oils is exercised 
in the mouth as elsewhere, and may have a beneficial effect in some 
conditions. 

On passing into the stomach, the oils cause the same sensation of 
warmth in the gullet, and this is accompanied by a sense of well-being and 
comfort, the appetite is often increased, and any feeling of distention 
after meals is relieved. This is often attended by the eructation of 
quantities of gas. Substances which produce these effects in the stomach 
are known as carminatives , and many explanations of their action have 
been offered. The antiseptic action may occasionally play a part in the 
carminative action, and possibly the secretion may be encouraged by 
the slight irritation and by the agreeable odor and taste; the activity of 
the ferments is retarded rather than augmented. The movements and 
tone of the stomach are decreased by small quantities of the oils applied 
to the mucous membrane; this weakening action .probably extends to 
the sphincters, and their relaxation may explain the relief of the feeling 
of distention and the eructation of gas from the stomach after the admin- 
istration of these oils. In the intestine small quantities generally increase 
the movements, while larger ones decrease them; sometimes the bowel 
is relaxed owing to a reflex arising from the action on the stomach. In 
practice they often relieve intestinal flatulence and distention and lessen 
the spasms which cause colic. Small quantities are incorporated^ in the 
preparations of the more powerful purgatives to lessen the pain and 
griping which these are liable to induce. 

An indirect effect of the local action on the gullet and stomach is 
slight flushing of the skin from dilation of its vessels, along with a feeling 
of warmth and relief of chill. This appears to arise from a reflex travel- 
ing from the sensory ends in the mucous membranes to the vasomotor 
center in the medulla oblongata and is most frequently seen under 
camphor. 

Excretion.— Many of the terpenes are oxidized to phenols in the 
body and are then excreted in the urine, for the most part in combina- 
tion with glycuronic or sulfuric acid. Traces pass out in the expired 
air and impart an odor to the breath. The urine also contains some in 
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a free form and may thus smell of the original oil or of some of its deriv- 
atives, Some of the constituents of the oils are oxidized to acids and 
excreted in the urine as salts. 

In the course of excretion, some of the oils cause irritation of the 
lungs and kidneys, so that some of them are employed to increase the 
bronchial secretion, while others have a distinct diuretic action. 

Poisoning. —The various oils differ a good deal in their activity while 
resembling each other closely in the general characters of their effects. 
AU of them may produce marked irritation of (he stomach and bowel 
when given in large quantities, but the oils of pansy, sage, and English 
pennyroyal are distinguished especially by the violent inflammation 
they cause, and by the frequency with which fatal poisoning occurs 
from their use. The symptoms are those of acute gastric, intestinal, 
and often renal irritation: vomiting, purging, acute pain in the abdo- 
men, blood in the stools and in the vomited matter, collapse, weakness 
of the pulse and respiration, anuria, or albumin and blood in the urine, 
and convulsive attacks ending in coma and death. Great hyperemia 
of the abdominal organs, often blood in the peritoneal cavity, and 
sometimes acute inflammation of the kidney are the chief postmortem 
appearances. Though they do not increase the uterine movements 
directly, the congestion of the organs of the abdomen may cause abor- 
tion in pregnancy, or increase the menses, and in most cases of poison- 
ing, these oils have been taken to induce abortion ; too often they have 
proved fatal without this end being achieved. Oil of eucalyptus has 
frequently given rise to poisonous symptoms. 

Action 'on Nervous System.— In large quantities, some of the volatile 
oils (the oils of wormwood, nutmeg, sage, savine among others) produce 
symptoms from a direct action on the central nervous system, which is 
first stimulated and then depressed. The relative importance of these 
two stages differs in different oils, some, e g., turpentine oil, causing 
only a transient excitement followed by marked weakness and depres- 
sion, while others, such as the oil of absinth, cause very marked excite- 
ment and convulsions. 


Although these general effects of ' / 

t3nce, the frequent occurrence of 
drinkers and occasional poisoning . 
some practical interest. 

1. Camphor 

Some of the volatile oils deposit crystalline substances or stearop- 
tenes after standing for some time, especially when they are exposed 
to cold As a general rule these bodies are present in only small amounts 
and have not been investigated apart from the volatile oils of winch 
they form constituents; but a fen- of them has e attractMf attention 
in therapeutics, not onlv on account of their oca! effects, which resemble 
those elicited by the volatile oils in genera), but a so because of their 
action in the tissues after absorption. The chief of these is Camphor, 
which has been used in Chinese medicine for many centuries and which 
has also played a considerable mle in Western therapeutic!. It is 
14 
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derived from the Cinnamomum campbora of China and Japan, and 
possesses the formula CkjHmO* differing from the terpenes in possessing 
a ketone (=CO) group. 

Another body closely resembling ordinary camphor is Borneol or Borneo 
camphor (CioH, s O), which is derived from the Dryobalanops aromatica, and 
which apparently differs from ordinary' camphor in containing the group 
( = CHOH) instead of ( = CO). Nagai-camphor, which is obtained from Blumea 
balsamifera, is very' closely related to borneol. Another stearoptene which 
has been 1 used in medicine apart from the volatile oils, is Menthol (CioHaO), 
which is obtained from the oil of peppermint, and apparently contains a CHOH 
group like borneol, but is more completely hydrated. Thujon, an isomer of 
camphor occurring in the oil of wormwood or absinth and in many other plants, 
has not been used in medicine, but is of importance as the cause of epilepsy 
in chronic absinth drinkers. 


CH, 

1 
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Camphor 

Local Action.— Camphor is possessed of some antiseptic action, 
although it is much weaker than some of the bodies of the carbolic acid 
group, and also than many of the volatile oils. Leucocytes cease their 
movements at once when exposed to camphor solutions or vapor, and 
Darwin found that it acts as a stimulus to the tentacles of Drosera, an 
insectivorous plant, and apparently renders them more sensitive to 
mechanical irritation. 

Camphor produces redness and a feeling of warmth when rubbed 
into the Skin. Sometimes, however, a distinct sensation of cold may 
be experienced, providing the rubbing is not too energetic. Menthol 
generally induces this feeling of cold, accompanied by more or less 
prickling, and afterward by heat and burning. The cold is not due 
to cooling of the skin, for the vessels of the part are dilated, and the 
thermometer indicates a higher skin temperature there than in other 
parts of the body. It has been ascribed to menthol being more irritant 
to the terminations of certain nerves which convey the sensation of 
cold than to those of the heat nerves and pain nerves, but this is denied 
by Rollett who states that menthol acts only on the terminations of 
the nerves of common sensation or pain. A feeling of numbness and 
partial anesthesia follows its application after some time. 

When taken internally, camphor acts as an irritant and carminative on the 
mucous membranes like the volatile oils; it has a hot, bitter taste, and in smau 
quantities induces a feeling of warmth and comfort in the stomach, while a" er 
large doses nausea and vomiting may’ be caused by gastric irritation. Sore® 
dilatation of the skin vessels follows after it is swallowed, with a sense of wannWi 
thi3 may probably arise reflexly from the action in the stomach, and is com* 
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patient falling into a condition of drowsiness, unconsciousness, and stupor imme- 
diately. In the lower mammals, camphor induces very similar symptoms, wild 
excitement and epileptiform convulsions, followed by depression, stupor, col- 
lapse, and death from failure of the respiration. Not infrequently, however, the 
respiration ceases during a convulsion and fails to return when it passes off. 

In the frog no excitement is observed except from the local irritation; the 
animal falls into a condition of depression, in which no spontaneous movements 
are made, although f 
reflexes disappear an< * 

Action: Central N • ^ 

and later the spinal 
to that seen under 

violent spasms, which appear to arise from stimulation of the spinal cord and 


nervous centers situated between the cerebral peduncles and the medulla 
oblongata. It is not improbable that in man the cerebral action may be more 

marked thai ' T 1 *’ 

found that • 
of the cereb 
sciousness a 
final paralyi 

are paralyzed and respiration ceases; some observers state that the reflexes 
of the spinal cord are first augmented by large doses of camphor but others 
describe depression as the first result. 

The Terminations of the Motor Nerves are paralyzed in the frog by large 
doses of camphor, but not in mammals. The Muscles are weakened and para- 
lyz 

bu 

that the heart has less tendency to pass into fibrillation under camphor, but 
this is not confirmed. Camphor dilates the coronary vessels but it is not certain 
that this occurs in man with therapeutic doses. ^In the frog camphor appears 


t 

affected directly by small doses. _ When sufficient camphor is given to cause 


unless when quantities sufficient to cause convulsions are injected. 

The Respiration is scarcely altered by camphor given in ordinary quantities. 
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During the convulsions it is arrested, while in the intervals it may be accelerated 
from the muscular exertion during the spasms. 

The normal Temperature is not affected by camphor, but in fever it acts as 
an antipyretic, like many other aromatic bodies. 

Camphor is partially oxidized in the tissues, forming camphorol (CmHjeOj), 
which is Excreted in the urine in combina" ' ** ~OH- 

(CHOH)«COOH, and also in part in comb' ody, 

which is probably urami dogly curonic acid. ( ‘ 4 , but 

its glycuronic acid combinations are inactive, so that the effects of camphor 
pass off quickly in such animals as the dog, in which these combinations are 
rapidly formed. 

The action of bomeol, menthol, bromated camphor, and camphorol is almost 
identical with that of camphor itself. Borneol is less irritant locally, and the 
convulsions are less severe than after camphor, so that animals seldom die 
during the convulsive stage, and may remain in a state of stupor and collapse 
for one or two days before the respiration finally ceases. After menthol, the 
convulsions are even less developed than after borneol. Both of these are 

*- 1 -**-•*’ 1 * M ” *cd camphor seems to 

while amido-camphor 
■ • t , • s much less powerful. 

Natural camphor is dextrorotary; the levorotary isomer has been formed 
recently, and is found to be identical with the natural form in its action. 

Therapeutic Uses.— Camphor is used externally in the form of the 
liniment or spirit as a mild rubefacient in bruises and sprains, and 
also to destroy parasites. Internally the spirit is prescribed as a car- 
minative. 

There is no reason to believe that camphor in even the largest thera- 
peutic doses has any effect after absorption except a slight dilatation 
of the skin vessels, and it is probable that this also may arise from its 
gastric effects. Its former uses in hysteria, epilepsy and other nervous 
disorders, as an aphrodisiac and as an anaphrodisiac were all equally 
irrational; if any improvement occurred, it was due to hypnotic sugges- 
tion and not to the action of the drug. 

It has been used in unconsciousness and collapse arising from different 
causes, in the depression and weakness of acute fevers, and in the most 
varied forms of failure of the heart and circulation. In many of these 
cases, improvement in the pulse is said to have been observed; this, like 
the similar improvement seen after alcohol, may perhaps be explained 
by its action as a local stomachic irritant producing changes in the cir- 
culation reflexly. Solutions of camphor in oil have been injected sub- 
cutaneously in these cases. The local irritation produced by the injec- 
tion may sometimes cause a reflex rise of blood-pressure, and stimulation 
of the respiration. 

Attempts have been made to obtain synthetic compounds which 
would have a more certain stimulating effect than is possessed by 
camphor and which would also be soluble in water. The most important 
members of this group are metrazol and nikethamide. These agents, 
like camphor, are often referred to as Analeptics because of their reputed 
action in restoring cardiac and respiratory functions. Because of their 
pharmacological action as Central Nervous System Stimulants they are 
also classified among this group of drugs and since they bear but a slight 
relationship to camphor pharmacologically they will be considered 
among the central nervous system stimulants (p. 392). 
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Camphor is prescribed in expectorant mixtures, especially in combina- 
tion with opium, as in paregoric. 

Menthol is used almost exclusively for its effects on the sensory nerve 
terminations, and is a component of many proprietary preparations 

2. Malodorous Volatile Oils 

Some of the volatile oils differ from the others in possessing an odor 
which is disagreeable and nauseating to most people, although not to 
all. The best known of these are the Oih of Asafetida and Valerian. 
The former occurs along with resins and gums exuding from some 
species of Ferula, and contains several organic sulfur compounds, to 
which it owes its odor. Oil of Valerian, from Valeriana officinalis, is 
almost without odor when freshly distilled, but when kept for some 
time and exposed to the air, it assumes a somewhat unpleasant pene- 
trating odor. It contains two terpenes, borneo-camphor, and numerous 
esters of formic, acetic and valerianic acid. 

Asafetida and valerian were formerly used in hysterical affections, 
and the benefits accruing from their administration attributed to the 
mental impression produced by their unpleasant odor and taste, and 
not to any action they produce after absorption. Asafetida was also 
used like the ordinary volatile oils as a carminative and as an expector- 
ant, and the emulsion given by the mouth or in an enema to relieve 
abdominal distention. However, both asafetida and valerian have been 
dropped from the U. S. Pharmacopeia and might well be discarded from 
use as relics of an age when the obnoxiousness of a drug rather than its 
therapeutic value often determined its use in medicine. 

Preparations 


_ • i •-». -r ri.»uiv ‘■■liable in water, lreely soluble 

camphor. Dose, U. S P., 

Tinctuiu. Opii Camptiorata (U. S. P., 15. P ), paregoric. Dose, U. S P„ 
4 cc.; B P., 2 to 4 mil. 

Tinctura Opii Camphouata Concentrata (B. P.), concentrated camphor- 
ated tincture of opium, Liquor Opii Campiioratus CoScentratus, concen- 
trated camphorated solution of opium. Dose, 0.25 to 0.5 mil. 

Terpineol (B P.), terpmeol, Ci«Hj|0. 

REFERENCES 
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IV. DRUGS AFFECTING TASTE 
1. Sugar 

Sugars are used in medicine chiefly to disguise preparations of un- 
pleasant taste, and in the small quantities usually employed have little 
further effect. In large quantities sugars, like other diffusible bodies, 
act as irritants to the stomach and bowel, and comparatively small 
quantities of some sugar substances possess an aperient action; this 
seems to be due to their colloid form, as pure sugar has no such effect, 
and it is possible that they merely delay the absorption of fluid, and 
thus cause softer evacuations than would otherwise occur. 

PREPARATIONS 
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insoluble bodies. In place of ordinary syrup many of the flavored preparations 
may be used, such as the syrups of citric acid, acacia, almonds, or of the volatile 
oil group. 

Lxcttosum (U. S. P., B. P.), ChHuOu.HjO- sugar of milk, lactose, is not so 
sweet as ordinary sugar, and is much less liable to deliquesce, so that it is used 
largely to give bulk to powders. 

L^volosum (B. P.), fructose, consists chiefly of levulose (C«H»0«) with 
small quantities of dextrose. It has greater sweetening power than cane sugar. 

Dextrosum (U. S. P., B. P.), C«HnO«, dextrose, also known as glucose, is a 
sugar usually obtained by the hydrolysis of starch. Glucose is a food which is 
readily absorbed and is given in debilitating diseases, when the intake of food 
that can be digested is ? insufficient. A liver rich in glycogen resists the action 

s. 
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Dextrosum is a white crystalline powder and must not be confused with liquid 
glucose, Glucosum Liquidum (U. S. P., B. P.). The latter is a viscid^ sympy 
liquid containing a mixture of dextrose, maltose, dextrin and water, and is chiefly 
used for its physical properties as a pill excipient. It cannot be used for intra- 
venous injection, etc. 

Extra crrmi Malti (U. S. P., B. P.), extract of malt, is a brownish viscous 
liquid with a sweetish taste. It contains nutritive carbohydrates and also 
usually diastatic ferments capable of converting starch into sugar. It forms a 
good vehicle for giving cod-liver oil, as in the B. P. Extra ctum Marti Cum 
Oleo MoRRnmE. 

' *■ ~ ' ’ ' " ^ ’ ’ r T honey, is used to give 

ta 

jerient effect are ingre- 
dients of the preparations' of the more powerful purgatives. Thus purging 
Cassia (Cassia, B. P.), tamarinds (Tamarind us, B. Pj, figs and prunes form 
constituents of the Confection of Ser * ” ■ nM '"’ "« n0 * 

prescribed alone, but the fruits may ■ . ■ 1 ■ ■ J" 

laxative is required. The tamarind ■ _ 

to the presence of tartrates, citrates, , " ‘ e 

Saline Cathartics.) 
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2. Flavoring Extracts 


Frequently other flavors are preferred to sugar, which is especially 
disliked in fever cases, as sweet fluids do not quench the thirst so effec- 
tually as acids and bitters. Many of the preparations of the volatile 
oils and some of the demulcents are used almost exclusively as flavoring 
agents, and in some both sugar and volatile oil are combined, as in the 
syrups. 

Instead of sugar some artificial compounds have been introduced of 
late years. Saccharin (U. S. P.), C.H‘<^ ) >NH, and its sodium 


salt (Saccharinum sodicum, U. S. P., Saccharinum Soluble , B. P.), 
c ' H 4a>' NN “ , or soluble saccharin, are the best known of these. Sac- 


charin is a light, white, crystalline powder, soluble in 400 parts of water 
and in 25 parts of alcohol. It is about 500 times as sweet as sugar, and 
gives a distinct flavor to 70,000 times its weight of water. It does not 
taste exactly like sugar, however, there being a distinct flavor besides 
that of sweetness, and patients generally object to it after a short time. 
It has been used as a substitute for sugar in diabetes and in the obese 
since it has, of course, no food value. Saccharin in ordinary amounts 
has no deleterious action on the digestion or after absorption. 

Some pharmacopeial preparations are designed to give color to solutions, but 
are seldom or never prescribed, although they are sometimes added by the 
pharmacist. 

Among these arc cochineal (Coccus, U. S. P., B. P., Tindura Cocci, B. P.) 
and saffron. 


3. Volatile Oils Used as Flavoring Agents and Carminatives 

Many plants depend for their odor and taste upon the presence of 
volatile oils and these have been employed from earliest times to give 
flavor to medicinal preparations. One oil is used by one physician, 
another by another, and the selection is largely a matter of custom and 
taste. Some volatile oils are used as carminatives (p. 203) when no 
nfarked irritation of the stomach or intestine is present. In cases of 
colic, flatulence and abdominal distention they are often of use, provided 
that these are not due to peritonitis and other inflammatory diseases. 
Several of them have been employed as surgical antiseptics, but they 
are more widely used as parasiticides for scabies, pediculi, etc. Some 
of the oils, such as oil of cloves, are used in dentistry to relieve pain by 
paralyzing the exposed nerve ends after a preliminary irritation. Some 
of them, particularly thymol, have been used as anthelmintics but have 
been replaced bv less toxic and more effective drugs. Externally some 
of them arc used as mild skin-irritants, generally in the form of spirits. 
Arnica once had a popular reputation as a stimulating local remedy in 
bruises and sprains. 

The volatile oils arc largely urcd as flavors in cookery and sweet- 
making, and arc important constituents of many of the popular liqueurs, 
and therefore have a certain dietetic importance. 
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Preparations 

Crude Drugs.— Many of the pharmacopeial preparations are whole plants, 
seeds, , leaves, or flowers, and are never prescribed, although some of them are 
used in popular medicine in the forms of infusions or "teas.” The virtues of 
these old-fashioned remedies lie perhaps more in the large draughts of warm 
water than in the traces of volatile oil which they contain, but the presence 
of the latter prevents, to some extent, the nausea produced by warm water 
alone. These infusions are used to induce perspiration in fevers or chills, as 
diuretics, or to relieve colic and griping, and generally contain about a table- 
spoonful of the herb to one or two cupfuls of water. The most frequently used 
for this purpose are peppermint and spearmint leaves and tops (Mentha 
Piperita and Mentha Viridis, U. S. P.); Coriander seeds (Coriandrum, 
B. P.); Chamomile flowers; Anise, the fruit of Pimpinella anisum; Elderflower 
and Horehound. In different countries, however, the constituents of the herbalist 
recipes vary according to the local flora. The U. S. and B. Pharmacopeias 
recognize a number of other crude drugs of this group which heed only be 
enumerated here: Aurantii Ajiari Cortex (bitter orange peel), Car xopiiyl- 
lum (cloves), Cinnamomum (cinnamon), Cardamomum (cardamom), Carum 
(caraway), Myristica (nutmeg), and Zingiber (ginger). 

Prunus Virginiana (U. S. P.), Prunus Serotina (B. P.), contains amyg- 
dalin or some nearly related substance, and emulsin, and forms benzaldebyde 
and prussic acid when rubbed up with water. The Syrupus (U. S. P., B. P.) 
is frequently used as a flavoring agent and in cough mixtures. 

The Volatile Oils themselves are also represented in unnecessarily large 
numbers in the pharmacopeias. 

U. S. P.— Oleum Mentha: Piperita: (oil of peppermint), Ol. Mentha: 
Virjdis (spearmint), Ol. Lavandula: (lavender), Ol. Eucalypti (eucalyptus), 
Ol Limonis (lemon), Ol. Aurantii (orange), Oleoresina Zingiberis (ginger), 
Ol. Amygdala: Amarx (bitter almonds), Ol. Caryophylli (cloves), Ol. Cin- 
namomi, Ol. Coriandri (coriander), Ol. Sassafras (sassafras), Ol. Anisi 
( anise), Ol. Fccniculi (fennel), Ol. Rosa:, Ol. Rosmarini (rosemary), Ol. 
Juniperi 

B. P.— ■■ ■ • Ol. Cajuputi (cajuput), 

Ol. Cari ■ ■ ■ ■ Cinnamomi (cinnamon), 

Ol. Coriandri (coriander), Ol. Eucalypti (eucalyptus), Ol. Lavandula: 
(lavender), Ol. Limonis (lemon), Ol. Mentha: Piperita: (peppermint), Ol. 
Myristica: (nutmeg), Ol. Rosmarini (rosemary), Ol. Amygdala: (bitter al- 
mond). . 

The majority of these oils resemble each other very closely in their effects 
and require no special comment. The oils of rosemary, juniper, and savme 
are more irritant than the others, and arc seldom used. The oils of winter- 
green and of birch consist mainly 
of the other salicylates. Nutmeg 
others, not from their local irrita 
absorption. 

The volatile oils themselves are comparatively little used. A single drop 
may be added to powders, pills or solutions to give a pleasant odor. 

Spiritus arc formed from many of the volatile oils by dissolving 
them in alcohol, sometimes with the addition of water and sometimes 
with some of the crude drugs, so that the preparation is really a mixture 
of tincture and spirit. The spirits or essences of tlm volatile oils are 
used very largely as flavoring agents in mixtures for internal use, and 
are often added to external applications to lend them odor. They 
may also be prescribed where alcohol is indicated but is distasteful to 
the patient; the spirits of the volatile oils contain SO per cent or more 
of alcohol, and have to be diluted accordingly. Any of them may he 
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used as carminatives, but the spirits of peppermint, cinnamon, anise 
and lavender are more frequently used for this purpose than the others. 
Another useful carminative preparation is camphorated tincture of 
opium, which contains camphor and several volatile oils along with a 
small amount of opium; the last aids the real carminative in relieving 
the discomfort by its action after absorption. 


Elixir Aromaticum is a preparation of the Spir. Aurantii Compositus used 
as flavor. 

B. P.— Sfiritus Cajuputi, Sp. Mentr* Piperhve. 

Aquae.— -The volatile oils are very insoluble in water, but when they 
are shaken in it, enough remains in the water to give it the odor and 
taste of the oil. In the process of obtaining the oils from the crude 
drugs by distillation, some oil is held by the water, and a number of 
these waters (aqua;) are contained in the pharmacopeias. They are 
used as substitutes for distilled water in making up prescriptions, the 
small quantity of volatile oil serving merely to give a pleasant odor 
and taste. 

The aromatic waters of the U. S. P. are made either by distillation of the 
appropriate part of the plant or by solution of the volatile oil in water. The 


in blieugui to me uismieu \uueis 

U. S. P.— Aqua Anisi, Aq. Aurantii Flor., Aq. Cinnamomi, Aq. Fccniculi, 
Mp.Frtir ntnpnmr Itosji, Aq. Ros.e Fortior 

. ■ ■ )estillata, Aq. Cinnamomi 

■ ■ “ ■ ■ Each of these has a corre- 

Some of the preparations containing volatile oils are derived not 
from the oil itself, but from the crude drug, and therefore contain 
non-volatile substances which are generally absent from the prepara- 
tions already mentioned. As a general rule these non-volatile bodies 
are inactive, but in some cases, bitters or resins are contained in the 
preparations, and may influence their action. Thus a bitter glucoside, 
hesperidin, is found in the orange peel, and is present in the prepa- 
rations formed directly from it, while it is absent from those formed 
from the volatile oil. Ginger contains a resin of hot, burning taste, 
which increases the carminative action of the oil. Cinnamon contains 
some tannic acid, which passes over in the 'tincture, while a fixed oil 
is contained in cardamom. 

Among the preparations formed from the crude drugs are the Syrups, 
w hich are used exclusively as flavoring agents. 

U. S. P.— Strupus Aurantii Floruu, Syr. Aurantii, Syr. Pruni Vir- 
otNUN.E, Syr. Balsami Tolutani. 

B. P. — Syrupus Aurantii, Syr. Limonis, Syr. Pruni SerotinjE, Syr 
Zinoiburis, Str. Tolutanus. 
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The Tinctures are used for the 'same purposes as the spirits of the 
pure oils. 

U. S. P.— Tinct. Aurantii Amari, Tinct, Aurantii Dolcis, Tinct. Limonis, 
Tinct. Cardamomi Composita (containing cardamom, cinnamon, caraway), 
Tinct. Lavandula Composita (oils of lavender, rosemary, cinnamon, cloves, 
nutmeg). 

B. P.— Tinct. Aurantii, Tinct. Cardamomi Composita (containing carda- 
mom, caraway, cinnamon), Tinct. Cinnamomi, Tinct. Limqnis, Tinct. Zinoi- 
beris Mitis, 2 to 4 mil. (30 to 00 min.), and Tinctura Zinciberis Fortis 
(Essence of Ginger). 

Fluidextracts of the volatile oil series. 

U. S. P. — Fluidextractum Zinciberis. Dose, 0.0 cc. 

Pure Principles used as flavors: __ 

Vanilunum (U. S. P.), vanillin (C. * nilla and 

is also made synthetically. It fonr oluble in 

water, easily soluble in alcohol and , , taste of 

vanilla. 

Eugenol (U. S. P.), a phenol (CiH»OH*OCHrCiH») obtained from oil of 
cloves and other oils, and forming a colorless liquid with an odor like cloves 
and a hot, burning taste. 

These principles are used chiefly to give flavor and color. 

4. Simple Bitters 

This group includes a number of substances which have little in 
common except their bitter taste and their comparative inactivity in 
the body. Several alkaloids may be placed in it, Bcrbcrinc, Buxine, 
Menisperminc and Canadine, for, although these axe poisonous in very 
large quantities, they are harmless in those in which they are con- 
tained in the preparations used in therapeutics. In addition to these 
there may be placed in it numerous neutral bodies, possessing an in- 
tensely bitter taste, but with little or no further action, such as the 
Quassiins, Calumbin, and a few weak acids and glucosides. 

Pharmacological Action.— Preparations containing bitters were form- 
erly largely used in therapeutics in order to increase the appetite. They 
are used infrequently now having been replaced for the most part by 
the vitamin preparations which are now used as indiscriminately as 
were formerly the bitters. The effects of the bitters on appetite are 
explained by the action of bitter substances in increasing the secretion 
of gastric juice, which has been shown to occur in man and animals by 
a number of experiments. This is not, however, through the bitters 
aeting on the gastric mucous membrane directly, for when they are 
applied through a gastric fistula, they have no specific action on the 
secretion. Pawlow has shown that the chief factor that determines the 
activity of the gastric secretion is the odor and taste of food; thus in 
dogs with esophageal fistulae, in which the food swallowed does not 
pass into the stomach but escapes through a wound in the esophagus, 
the taste and odor of food cause a profuse secretion of gastric juice 
(psychical secretion). Bitters given shortly before a meal sometimes 
augment this reflex in normal animals but this is more distinct and 
occurs more often when cachexia is present; this is due to action in the 
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mouth only, for it is seen when the bitter is not swallowed, and is absent 
when it is passed into the stomach through a fistula. This change in 
the secretion is accompanied by improved appetite in cachexia, while 
the hunger contractions of the stomach are arrested by bitter tastes; 
introduced directly into the stomach, the bitters have little or no effect 
in therapeutic doses. The action of the bitters is therefore to increase 
the psychical secretion of gastric juice, possibly because of the contrast 
offered by the bitter and the pleasant tastes. The inference may be 
drawn that the therapeutic effects are best elicited when the bitters are 
given shortly before a meal, and this accords with universal experience. 
In addition, it is to be remembered that the improvement is largely 
subjective, and that the bitters are capable of producing a considerable 
impression upon patients, so that the effects may be due to suggestion 
and not to any real action of the drug. The same is true of the use of 
vitamin preparations where no actual avitaminosis exists. 

Instead of the simple bitters, cinchona and nux vomica preparations 
are often used in small quantities. Many of the preparations which 
will be enumerated under the volatile oil series owe much of their 
effect to the bitter which accompanies the volatile oil, and in numerous 
other pharmacopeial preparations bitters are present, although their 
effect is hidden by the action of the drug in other directions. 

Therapeutic Uses.— The bitters are used chiefly to increase the appe- 
tite and the digestion. In cases of gastric irritability and in hyperacidity 
they may do harm rather than good. Gentian, Quassia and Calumba 
are the only simple bitters that are largely used, and the first is much 
the most important. They are generally prescribed as tinctures, infu- 
sions or other fluid preparations. The last two may be prescribed with 
iron preparations, as they contain little or no tannic acid and thus cause 
no precipitate.' Pills are sometimes prescribed with extract of gentian 
which has little, if any, effect when given in this form, as the bitter 
taste, on which its action depends, is largely concealed. Compound 
tincture of gentian is sometimes used to give flavor rather than for any 
effect on the digestion. Quassia infusion (10 per cent) is injected as 
an enema in the round worms of children. 

Preparations 


Tinctura Calumbje (B. P.). Dose, 2 to 4 roil. 
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Tinctura Cakdamomi Composita Covcentrata (B. P.)» concentrated com- 
pound tincture of cardamom. Dose, 0.5 to 1 mil. 

Tinctura Gentians Composita (U. S. P., B. P.), containing gentian, bitter 
orange peel, and cardnmom. Dose, U. S. P., 4 cc.; B. P., 2 to 4 mil. 

Tinctura Gentianx Composita Concentrata (B. P.), concentrated com- 
pound tincture of gentian. Dose, 0.5 to I mil. 

Tinctura Limonis Concentrata (B. P.), concentrated tincture of lemon. 
Dose, 0.5 to 1 mil. 

Tinctura Quassix (B. P.). Dose, 2 to 4 mil. 

Tinctura Quassix Con centrata (B. P.), concentrated tincture of quassia. 
Dose, 0.5 to 1 mil. 

5. Pepper Group 

The pepper croup comprises a few drugs which are used for their effect on 
digestion but which have a much more pungent taste than the hitters, and cause 
marked irritation when they arc applied in large doses. They thus stand mid- 
way between the simple bitters and the carminative volatile oils, and arc some- 
times known as aromatic stomachics. 

Black Pepper contains a weakly basic substance, Pipcrinc (which is broken 
up by caustic alkalies into Piperidine and Pipcrinic arid), in addition to a 
volatile oil and a bitter pungent resin. Pipcrine is insoluble in water, and has 
therefore no taste when absolutely pure, but is hot and pungent to the taste 
when it is taken in solution. 

Pyrethrum, or pcllitorv, contains similar constituents hut is scarcely used 
except ns an ingredient of insect powders. 

Capsicum, or Cayenne pepper, contains Capsaicin, a neutral body with a hot 
pungent taste. 

Pepper and capsicum are largely used ns condiments, and are comparatively 
seldom prescribed in therapeutics. Ungucnlum (’aprici (B. P.) is used ns a 
rubefacient. Tinctura Capsid (B. P.), 0.3 to 1 mil., and Tinctura Capsid Con- 
centrata (B. P.), 0 00 to 0.25 mil., are sometimes used ns stomachics and have 
been employed in chronic alcoholism in order to provide n substitute for the 
local irritant effects of spirits in the stomach. 

Piper Methisticum, or Kava ICava, is used in the South Sea Islands to pre- 
pare an intoxicating liquor. 
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V. DIGESTIVE FERMENTS 

A number of digestive ferments have been introduced into therapeu- 
tics for the treatment of gastric and intestinal disorders. The earlier 
members of the series were proteolytic ferments, intended to reinforce 
the pepsin of the stomach, but of recent years the amylolytic ferments 
have also been strongly advocated. 

1. Pepsin 

The pharmacopeial preparations of pepsin are generally obtained 
from the pig’s stomach. It digests only in acid solution, the best results 
being obtained in a solution of 0.2 per cent of hydrochloric acid. In 
alkaline solution it .is inert, and in fact is rapidly decomposed, so that 
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when pepsin and alkaline carbonates or bicarbonates are prescribed 
together, the effects are due to the alkalies only. 

Pepsin is used in therapeutics on the theory that the stomach does 
not secrete enough of the ferment in certain conditions. But it may 
be questioned whether this is true in even a small proportion of the 
cases treated with pepsin, for the gastric juice is almost always capable 
of digesting proteins if it is acid in reaction. In a number of forms of 
dyspepsia the acid secretion is insufficient, but the ferment is almost 
always present in quantity, for it digests proteins outside the body 
as soon as it is acidulated. On the other hand, the administration of 
hydrochloric acid tends to diminish gastric secretion; hence, in cases of 
defective gastric secretion, better results may be obtained if pepsin is 
added when acid is given by the mouth. 

2. Pancreatic Ferments 

The pancreatic ^ ferments have also been introduced into thera- 
peutics, generally in the form of an extract of the gland, pancreatin. 
These ferments differ from pepsin in acting only in alkaline or neutral 
solution, and besides digesting proteins, form sugar from starch and 
saponify and emulsify fats. The pancreatic ferments are rendered 
inert by a comparatively short exposure to the acid gastric juice. 

The value of pancreatin is even more problematical than that of 
pepsin, for though it would no doubt be valuable where the digestive 
ferments, particularly those of the pancreas, were deficient, this has 
not been shown to occur. On the other hand, the pancreatic ferments 
are certainly destroyed in passing through the stomach. It has been 
suggested, however, that they may act in the stomach, if they are 
given before or with the food, as the acid gastric juice is only secreted 
slowly, and some time must elapse before the pancreatin is rendered 
inert. Attempts have been made to preserve the pancreatin from the 
deleterious effects of the gastric juice by administering it in capsules 
which are dissolved only in the intestine. It is certainly possible that 
the pancreatin may he useful in rare cases, where the ferments of the 
pancreas are absent and the acid of the stomach so deficient as not to 
be destructive. 

Preparations 

Pancreatinum (U. S. P..B “ ' . ' *’ 1 <«*«•* 

in the pancreas of vann-blo 
pancreas of the pig. It forms a 
powder, having a faint, not 1 

slowly soluble in water US ■ 

0 2 to 0 6 gTam 


3 Vegetable Ferments 
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these ferments, but the best known of these is the carica papaya, or pawpaw, 
which contains a digestive ferment known as papain. This ferment acts in 
neutral, slightly acid, or alkaline solution at the temperature of the body and 
in the cold. It has been used instead of pancreatin and pepsin in disorders of 
the digestion, and also as an anthelmintic. 

4. Diastase 

Several amylolytic or sugar-forming ferments have been used more 
or less in therapeutics, the first of these being the diastase or enzyme of 
matt, which is known under the names of malt extract, or maltzyme. 
When grain is allowed to germinate, its starch is formed into a soluble 
form (sugar) by means of a ferment known as diastase, and it was sup- 
posed that this diastase might aid the digestion of starchy foods in the 
body. When malt extract is formed at a low temperature, it unquestion- 
ably contains diastase and is capable of digesting starch, but many of 
the extracts on the market are quite inert, the ferment having been 
destroyed by heat. Those extracts are therefore devoid of digestive 
power, but form a pleasant, easily digested food. More recently some 
other sugar-forming ferments have been brought forward, notably 
Taka-diastase obtained from Eurotium oryzx, a mould of the aspergillus 
family; it has been recommended in cases in which there is supposed to 
be a deficient digestion of starch. It ceases to act in the gastric juice as 
soon as the acidity exceeds 0.1 per cent, but may be able to digest a 
certain amount of starch in the mouth and stomach before it is destroyed. 
Until it is shown that in some cases the digestion of starch by the 
intestinal ferments is insufficiently performed, the diastase prepara- 
tions should seem to be superfluous. 

5. Bile and Bile Salts 

The bile performs an important function in the digestion of fats, in 
the activation of the pancreatic enzymes and indirectly in the absorption 
of the fat soluble vitamins (A, D, E, and Iv) and calcium. In addition 
bile exerts a slight antiseptic and laxative action. The active principles 
of bile which are responsible for its action are the bile salts. These 
consist of combinations of taurine (amino-ethylsulfonic acid) and glycine 
(amino-acetic acid) with cholic acid and related bile acids. The bile 
salts are produced in the liver and by their emulsifying action on the 
fats make possible their digestion. The bile salts also stimulate the 
secretion of both the water and solid constituents of the bile by the 
parenchymal cells of the liver and are therefore designated as Choleretics. 
The choleretics are to be distinguished from the Cholagogues which 
stimulate evacuation of the gall bladder. Substances which increase 
the volume of the bile alone without affecting its solid constituents are 
designated as hydrocholeretics. 

In addition to the bile salts, bile contains the bile pigments derived 
from the breakdown of hemoglobin, cholesterol, lecithin and inorganic 
salts, but it is only the bile salts which are physiologically important. 

In addition to preparations of bile salts prepared from fresh ox bile, 
certain other derivatives of bile acids have been used as choleretics. 
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Preparations 
U. S. P. 

Fel Bovis, ox gall, is the fresh bile of the ox. 

Extractum Fellis Bovis. One gram of the powdered extract of ox gall 
represents 8 grams of fresh ox gall. Dose, 0.3 gram. 

B.P. 

Extractum Fellis Bovini, purified ox bile, is prepared from fresh ox bile 
and contains the bile salts and pigments. Dose, 0.3 to 1 gram. 
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VI. VEGETABLE ASTRINGENTS— TANNIC ACID SERIES 

A large number of vegetable substances owe their action to their 
containing tannin substances, while in many other preparations the 
effect of more important constituents is modified by the presence of 
these widely distributed bodies. The tannins are naturally occurring 
derivatives of polyhydroxybenzoic acids. Tannic acid proper is a feebly 
acid substance derived from the oak gall, and is a compound of gallic 
acid (trihydroxybenzoic acid) into which it is easily decomposed. The 
tannins possess a number of reactions in common and arc generally 
classed together as the tannic acid substances. They precipitate 
albumins, gelatin, alkaloids and some glucosides, and the salts of the 
heavy metals. The salts of iron form a bluish-black or greenish-black 
precipitate. 

Action.— The pharmacological effects of these bodies are due to their 
precipitating albumins and other proteins. If tannic acid solution is 
added to a neutral or weakly acid solution of albumin, peptone, or 
gelatin, a white precipitate forms, which is entirely insoluble in water, 
but is soluble in excess of albumin or gelatin, in stronger acid, and in 
alkaline solutions. This protein tannate, exposed to the action of the 
gastric juice, undergoes digestion and is dissolved in the same way 
as an ordinary coagulated protein such as fibrin. During the process, 
the tannic acid is set free from its combination and if it reaches a position 
in which the reaction is nearly neutral, it can again precipitate proteins. 
Strong alkali prevents the precipitation and the so-called tannates of 
the alkalies are thus devoid of this action. 

Tannic acid applied to animal tissue, as in the tanning of leather, 
causes a precipitation of the proteins, and the tissue becomes harder 
and tougher and tends to shrink together; at the same time it has less 
tendency to undergo putrefactive changes and does not lose its flexi- 
bility, as it would in drying. Applied to a living mucous membrane, 
which is neither strongly acid nor alkaline, a dilute tannin solution pre- 
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cipitates a fine pellicle of mucus and protein, which protects the cells 
beneath and lessens their sensitiveness to external stimuli. A stronger 
solution may cause some precipitation in the cells themselves and thus 
injure them and cause irritation. 
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sive secretion, as in local sweating or weeping ulcers, and occasionally 
to harden the skin. For this purpose tannic acid may be used in solution 
in water, or in the form of the glycerite or ointment, or some other fluid 
preparation may be preferred. Tannic acid is used as an astringent 
mouth wash and may be prescribed in a flavored solution or in the form 
of lozenges of ■which the pharmacopeia offers a choice. In certain forms 
of diarrhea the astringent action of tannic acid is of considerable value, 
and occasionally when such drugs as cod-liver oil cause diarrhea, tannic 
acid prevents this action without hindering their general effects. The 
pure drug is seldom used in these cases, as it is liable to derange the 
stomach and to form compounds with the albumins before it reaches 
the bowel, and catechu, krameria or kino may be prescribed, either in 
the form of pills or in fluid preparations. An old preparation was the 
compound kino powder, which combined the astringent action of tannin 
with the specific action of opium on the intestine. Recently the prepara- 
tions mentioned above have been largely replaced by some of the newer 
synthetic compounds such as acetyltannic acid or the tannate of albu- 
min. In these and similar compounds the tannic acid is in a relatively 
firm combination with the rest of the molecule. Accordingly it is not 
freed in the stomach, the compound having to pass into the intestine 
before it is broken up, releasing the tannic acid. Tannic acid stops 
hemorrhage by precipitating the proteins when it comes into imme- 
diate contact with the bleeding point, but it is not of so much value for 
this purpose as epinephrine or some of the metallic astringents. 

Tannic acid has assumed an important role in the treatment of bums 
since its introduction for this purpose by Davidson in 1925. The 
rationale of its use is dependent on the fact that by coagulating the 
surface of the wound the formation and absorption of toxins resulting 
from bacteria, as well as from tissue disintegration, are prevented. A 
20 per cent solution of tannic acid in which antiseptics (silver nitrate 
or dyes) may be incorporated are. sprayed on the denuded area after 
cleansing and removing the devitalized epidermis. The formation of a 
rigid eschar reduces the primary shock which is largely due to the 
escape of fluid from the burned area. The blood becomes concentrated 
and there is loss of fluid and electrolytes. -The coagulation of the surface 
by tannic acid lessens the loss of fluid. An important part of the con- 
stitutional treatment is the administration of blood and plasma. 

Tannic acid is not itself a direct antiseptic unless perhaps the strength 
is at least 10 per cent, and in deep burns, sepsis may occur under or at 
the edge of the coagulum. To lessen or prevent this, various additional 
antiseptics have been recommended, e. g., silver nitrate, 1 in 1000 
acriflavine, or 1 in 100 gentian violet. The newer chemotherapeutic 
agents (sulfonamides and antibiotics) combined with pressure bandages, 
and transfusions to prevent shock have to a great extent replaced the 
tannic acid method of treating burns. 

In cases of poisoning with metals and alkaloids, tannic acid is often 
used to cause their precipitation in the stomach, but the tannate formed 
must be removed at once, as it is gradually dissolved in the digestive 
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fluids. The administration of tannic acid is therefore only a temporary 
expedient to allow of active measures being taken to empty the stomach. 

Some individuals arc peculiarly susceptible to the action of tannic 
acid, which induces local irritation and inflammation wherever it is 
applied in these eases. 

PREPARATIONS 

U. S. P. 

Acjmum Taxnjcum, tannic acid. 

Gltckkitcm Actor Taknici, 20 per cent tannic acid. 

l7.voCE.vrcM Acioi Ta.vnici contains 20 per cent tannic acid. 

B. P. 

Acidum Takkiccm. 

Gltceuinum Acid Taxxici, glyccnte of Boroglycerm, 30 per cent bone acid 
in glycerin. 

SoiTOsmmirai Acini Tanxicj, each suppository contains 3 gr. of boric acid, 

Trociiiscos Acini Tannici, each lozenge contains $ pr. tannic acid. 

UxmiESTlJM Acini Tannici, 20 per cent tannic acid. 

Catechu, Grvmbir, 0.3 to 1 pram. 

Tixctura Catechu, 2 to 4 mil. 

Kramema, 0.6 to 2 prams. 

nxrnAcrCM KiusiEiii.fi Siccvm, 0 3 to I pram. 
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1 VH. PURGATIVES 

Purgatives are drugs which are employed in medicine to evacuate 
the bowel of its contents. Many drugs produce evacuation in the course 
of their action, but have other effects of importance and arc not included 
in this class; for example the skin irritants if taken by the mouth may 
cause diarrhea, but this is accompanied by irritation of the mouth, 
throat and stomach, and these preclude their use as purgatives. The 
ideal purgative is devoid of any effects whatsoever, save in the intestine; 
it passes through the stomach without materially deranging its function, 
and is not absorbed, or at any rate has no significant action after absorp- 
tion. The vegetable purgatives act through their irritant properties, 
which in some instances arc elicited only by the actfon of the secretion of 
the intestines and of the neighboring glands. Thus some of the purga- 
tives pass through the stomach in the form of bland, non-irritant com- 
pounds (castor oil), which are broken up by the digestive processes in 
the intestine, while others perhaps owe their activity in the intestine to 
their solution or suspension in the juices. ' 

Many classifications of the purgatives have been based on their 
effects, and some of the terms are still retained, such as aperient, ccco- 
protic, laxative, purgative, cholagogue, hydragoguc, cathartic, or drastic. 
But the effect of the purgatives is determined largely by the dose and 
by the condition of the intestine, so that a small dose may act as an 
aperient, laxative or eccoprotic, while a larger quantity of the same 
drug, or even the same dose in a more susceptible individual, may act 
as a drastic or hydragoguc cathartic. They are therefore classified in 
three groups: (1) the mild aperients, castor oil group, (2) the purgatives 
of the anthracene series; (3) the jalap and colocynth group. 

Symptoms.— In moderate doses the purgatives simply hasten the 
normal movements of the intestines, and the stool is of the ordinary 
appearance and consistency (laxative, aperient, or eccoprotic action). 
In larger quantities they cause a more profuse evacuation than normally, 
and the stools, which are repeated at short intervals, are of a looser, 
more fluid consistency. Their action may be accompanied by consid- 
erable pain and colic, and the hurried movements of the intestine are 
shown by the characteristic gurgling sounds. Large quantities of the 
more powerful purgatives may cause all the symptoms of acute enteritis, 
the stools at first contain the ordinary fecal substances accompanied 
by more fluid than usual, but later consist largely of blood-stained 
mucous fluid with little or no resemblance to ordinary feces. This 
violent purgation, which is not induced in therapeutics, is accom- 
panied by pain and tenderness in the abdomen, and may induce shock, 
collapse, and eventually death. 
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Action.— The peristaltic movements of the intestine which move the 
contents along the canal, arise from a complicated local reflex*, which is 
aroused by the pressure of the contents on the sensory apparatus of the 
mucous membrane. This reflex may be increased (1) by anything that 
induces irritation of the mucous surface and thus renders it more sens)* 
live to the pressure of the contents, and (2) by increasing the bulk of 
the contents until they exert more pressure on the mucous surface. 
The accelerated peristalsis after the vegetable and mercurial purgatives 
is due to their irritating the mucous membrane, while the purgation 
of the saline cathartics arises from their increasing the bulk and dilution 
of the contents. In neither ease is there any reason to suppose that the 
neuro-muscular apparatus of the bowel is directly affected by the drugs, 
nor is the central nervous system implicated in the reflex whether 
normal or exaggerated by the purgatives. 

In small quantities, such as are used in the vast majority of cases in 
therapeutics, the irritation produced by the vegetable purgatives is 
apparently only enough to accelerate peristalsis, ami the fluid of the 
stools is drawn partly from the food and partly from the ordinary secre- 
tions of the digestive organs. In these eases the intestine is not actually 
inflamed, although some congestion may occur in it, as in all organs in 
a state of abnormal activity. On the other hand, when large quantities 
are ingested a true inflammation of the intestine occurs, manifested 
by increased movement, congestion, exudation of fluid into the lumen 
of the bowel, and pain. In these cases the intestine presents the usual 
signs of inflammation, it is red and congested, and contains a muco- 
purulent fluid and often blood. The origin of the fluid of the stools 
thus varies with the dose of purgative used, if it be small, the fluid 
ia not an exudate, if it be large the fluid is partly an inflammatory prod- 
uct. The stools following the administration of purgatives differ from 
the normal feces in containing a larger proportion of water and also of 
soluble substances. In fact, they resemble rather the contents of the 
small intestine than the normal excreta, and contain bodies which would 
normally have been absorbed and utilized, but which have been hurried 
through the bowel too rapidly to permit of their being taken up by the 
epithelium. 

The colic produced by purgatives is not due to the inflammation of 
the intestinal wall, but is explained by the more vigorous contractions 
of the walls of the bowel and the compression of the mucous membrane 
between the muscle and bard fecal masses in the large intestine. The 
tenderness produced by large quantities of the purgatives, on the other 
hand, would seem to indicate inflammation. 

The different purgatives seem to act on different parts of the bowel 
(Magnus). Thus senna, and in all probability the other anthracene 
purgatives, appear to have no effect on the movements of the stomach 
and small intestine, but act only in the large intestine; the contents 
reach the colon at the normal rate, but as soon as they have left the 
small bowel, rapid movement begins and they are evacuated almost 
immediately. Castor oil on the other hand accelerates the peristalsis 
of the small intestine, through which the food passes very rapidly, while 
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the large gut is much less irritated. Colocynth quickens the movement 
of both small and large intestine and considerable quantities of fluid 
are effused into the lumen. All three arrest the antiperistaltic move- 
ments in the large intestine. 

Some of the purgatives cause evacuation of the bowel when they are injected 
subcutaneously or intravenously (senna, aloes, cascara, colocynth, podophyllum), 
and croton oil has long been rubbed on the skin in order to relieve constipation, 
and is found to cause intestinal inflammation and purging when injected intra- 
venously. It has accordingly been suggested thnt these have, a specific action 
on the bowel quite apart from their irritant effects; but it is probable that their 
intestinal effects are here due to their excretion into the bowel, which has been 
shown to occur in several instances. Other irritants applied subcutaneously or 
intravenously often produce similar effects on the alimentary canal. 

The interval which elapses between the administration of a purga- 
tive and its effects varies with the dose, and also with the individual 
drug. In ordinary therapeutic doses, evacuation of the bowels occurs 
in most cases in five to ten hours, but if large quantities of the more 
powerful purges, such as jalap or croton oil, be given, the effects may 
be elicited in two hours. Aloes, cascara and podophyllum differ from 
the others in the length of the interval, catharsis rarely or never occur- 
ring earlier than ten to twelve hours after their administration, and 
often only after twenty to twenty-four hours. 

The movement of the intestine induced by purgatives is accom- 
panied by an increase in the leucocytes of the blood similar to that ob- 
served in other forms of intestinal activity, e. g., during digestion. 

The effects of the purgatives vary greatly in different animals. Thus, 
the rabbit is very refractory to most of the series, and often is killed 
by intestinal irritation without any evacuation being produced. The 
frog is unaffected by quantities which would produce poisoning in man, 
while the dog and cat respond much more readily. 

It was formerly supposed that purgatives increased the secretion of 
bile, and certain of them, which were believed to have a special activity 
in this direction, were known as Cholagogues. It has been shown of 
recent years that none of them possesses any action on the secretion of 
bile, although they may increase its excretion by hurrying it through 
the intestine and preventing its reabsorption. On the other hand, the 
presence of bile in the intestine is a condition necessary to the activity 
of many of the purgatives. Thus Buchheim and Stadelmann found 
that in the absence of bile, podophyllum, jalap, scammony, rhubarb, 
and gamboge are either quite inactive or very much less powerful than 
usual. This is probably due to some solvent action of the bile, for 
Stadelmann found that when soaps were given with some of these 
drugs their activity returned, and in other cases a comparatively slight 
modification of their chemical form was sufficient to restore their activ- 
ity, even in the absence of either bile or soap. Analogous results have 
been observed from causes other than the absence of bile; thus some 
of the pure principles of the purgatives are much less active than the 
crude drugs because the impurities of the latter alter their solubility. 
This alteration of the solubility may act in two ways: if the principle 
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is rendered too soluble, it may be absorbed in the stomach aad upper 
part of the bowel, and therefore fail to produce purgation; on the other 
hand, it may be rendered so insoluble that it fails to come into intimate 
contact with the bowel wall, and therefore does not irritate it. The effect 
of such colloid substances as the bile and gums is to delay the absorption 
of soluble substances in the upper part of the bowel and at the same time 
to keep the insoluble resins in suspension. 

Few' of the purgatives have any appreciable aetion after absorption, 
but general effects may be produced indirectly from their intestinal 
action. It is probable that reflexes are elicited by irritation of the bowel 
analogous to those discussed under skin irritants, but in addition, the 
congestion of the bowel produced by its activity must alter consider- 
ably the distribution of the blood in the body. The belief in the efficacy 
of a purge in congestion of the brain may thus be based on a true “revul- 
sive” action; for the dilatation of the intestinal vessels may lower the 
blood-pressure and thereby lessen the blood supply to the brain. The 
congestion of the lower intestine is accompanied by a similar condition 
in the other pelvic organs, and those purgatives that act strongly on the 
large bowel, therefore often cause congestion of the uterus, with exces- 
sive menstrual flow, or, more rarely, in the case of pregnant women 
abortion. Lastly, a certain amount of fluid is withdrawn which would 
otherwise be excreted in the urme, which is found to be proportionately 
diminished in amount. 

1. Mild Aperients, the Castor Oil Group 

Castor Oil (Oleum Ilicini) resembles olive oil in most respects, but 
on saponification forms ricinolcic acid instead of oleic acid. This 
acid (Cj7H„(OH)COOH) differs from the fatty acids obtained from 
ordinary oils in being unsaturated and in containing a hydroxyl group. 
Castor oil is itself a bland, non-irritating fluid, but on passing into the 
intestine is saponified by the pancreatic juice, and the ricinoleates 
thus formed are irritant and cause purgation. When the oil is saponified 
and the free acid given by the mouth, the effects are quite different 
from those of the oil, for the taste is acrid and unpleasant, and dis- 
comfort, nausea and vomiting may follow its ingestion from its irritant 
action on the stomach The oil, on the other hand, has a bland, if 
unpleasant taste, and produces no effects on the stomach. Several 
other esters of ricinolcic acid have been shown by Meyer to resemble 
the glycerin ester (castor oil) in their purgative effects. 

Castor oil is absorbed from the small intestine nnd thus does not act on 
the large intestine directly. In the tissues it disappears in the same 
way as an ordinary oil It may be given in very large quantities with- 
out producing any symptoms, save those of a mild laxative, which 
induces evacuation in about six to ten hours. It is occasionally used 
as an emollient to the skin, and has been employed as n protective or 
emollient for application to the eve The harmless nature of castor oil 
is shown by its use in China as an article of diet. 
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In the beans from which castor oil is derived, a toxalbumin is found, which 
was at one time supposed to be the active principle of the oil. (See Ricin.) It 
has been shown, however, that the oil is entirely free from this poison, and 
that its action is due solely to the ricinoleatc. 

Castor oil is difficult to take owing to its unpleasant taste. It may be given 
alone, in an emulsion flavored with sugar and some volatile oil, in orange juice, 
spirits, or glycerin, or in flexible capsules. , 

Liquid Paraffin, a mixture of liquid hydrocarbons obtained from 
petroleum, is often used as a laxative, and, though its method of action 
is quite different from that of castor oil, it may conveniently be men-, 
tioned here. It has an oily consistency and is insoluble in water. It 
has practically no odor or taste. It is non-irritant, not acted on by the 
digestive ferments and is not absorbed. It acts mechanically partly by 
increasing the bulk of the intestinal contents and partly by softening 
the contents and acting as a lubricant. Liquid petrolatum is also ' 
available in the form of a flavored emulsion with agar. 

It may pass through the intestinal canal without carrying with it the 
ordinary contents and in some patients it tends to escape from the anus 
in small quantities without causing an evacuation of the bowel. Oc- 
casionally it seems to retard digestion, probably from its coating food 
particles and preventing access of digestive ferments and its continued 
use may interfere with the absorption of the fat soluble vitamins (par- 
ticularly vitamin A) and give rise to avitaminosis. 

Sulfur (Sulfur, U. S. P.) is in itself an inert body but, while much 
the greater portion escapes in the stools unchanged when it is swallowed, 
some of it forms sulfides in the intestine, and these cause irritation, 
especially in the laigc bowel, increased peristalsis, and a soft, formed < 
stool; in large quantities it has caused, in some instances, more severe 
symptoms with bloody evacuations. The sulfides form some hydrogen 
sulfide, which gives rise to eructation. Some 10 to 40 per cent of the 
sulfur taken by the mouth is absorbed as sulfide, which is excreted 
to a small extent by the lungs, giving the characteristic disagreeable 
odor to the breath, and to a much larger extent by the urine as sulfates 
and in organic combination. Sulfur may produce a slight diuretic and 
diaphoretic action. 

Applied to the skin in ointment, sulfur appears to be changed in 
part to sulfide, particularly if some alkali be added; the sulfide is 
destructive to animal parasites and sulfur ointment has therefore 
been extensively used in the treatment of scabies. The ointment is 
rubbed into the skin after a hot bath and scrubbing with soap to open 
up the burrows of the insect. If applied too frequently it may produce 
irritation of the skin and a rash, but as a rule a few t applications suffice' 
to cure the disease. It may also be of value in skin disease through the 
sulfides tending to soften and dissolve the horny epidermis. For this 
purpose it may be associated with salicylic acid. 

Glycerin.— When glycerin is injected into the rectum, it withdraws 
fluid from the mucous membrane and thus causes irritation, peristalsis, 
and evacuation of the bowels; the stool is of almost ordinary con- 
sistency, and no pain or colic is felt subsequently, nor does the remedy 
cause more than one evacuation. Glycerin may be injected into the 
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rectum for’ this purpose (dose 2-5 cc. f 1-1 teaspoonful), but a more 
convenient form is the glycerin suppositories, Suppositoria Glycerini, 
which are made up with stearic acid and sodium carbonate, U. S. P., 
with gelatin, B. P. Glycerin suppositories are used in constipation 
instead of the ordinary aperients. Large doses of glycerin taken inter- 
nally sometimes cause purgation, but it is not a reliable remedy when 
administered in this way. Instead of glycerin suppositories, small pieces 
of soap may be inserted in the rectum, and the same purpose may be 
served by the injection of a little strong soap solution m water. 

Glycerin in large quantities is poisonous, whether it is taken by the mouth 
or injected hypodermically or intravenously ft is true that no case of glycerin 
poisoning in man is known, but large doses are fatal to animals m the course 
of a few hours The chief symptoms are restlessness, agitation, acceleration of 
the heart and respiration, general weakness, tremor and convulsions, which 
finally end in somnolence, coma, and death from failure of the respiration 
Glomerulonephritis has also been observed in animals Gl\ cerm is absorbed 
rapidly from the intestine, and undergoes combustion in the tissues, only s very 
small fraction of it reappearing in the urine. 

2 The Anthracene Purgatives and Phenolphthalein 

A number of purgatives, Rhubarb, Senna, Aloes, Cascara and Frangula, 
owe their activity to the presence of closely allied derivatives of nnthra- 
quinone which are known as emodins. The emodin of senna is triliv- 
droxymethyl anthraquinone, that of rhubarb is dihydroxymetbj I 
anthraquinone (chrysophamc acid); of aloes, tetrahydroxymcthyl 
anthraquinone ( barbabin ). Several active principles arc usually present 
in each of the drugs and arc combined to form giucosides The com- 
posite mixtures of these active principles are sometimes designated as 
aloin (from aloes), frangulin (from frangula), etc. 
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None of the pure principles are- as satisfactory in their action as the 
crude drugs, perhaps because they are less soluble in the intestine. For 
example, aloin is less certain in its effects than aloes, and crystalline 
aloin itself is inactive in the bowel, but is there changed under certain 
conditions to an amorphous compound which has irritant effects. The 
presence of bile in the intestine is not necessary to elicit the action of 
this group, except perhaps in the case of rhubarb. 

The absorption of these bodies has not been satisfactorily deter- 
mined in most cases. The urine is rendered yellow after rhubarb and 
senna, owing to the absorption and excretion of chrysophanol, but it 
is questionable whether the more active principles pass into the urine 
in appreciable amounts. When aloin is injected subcutaneously or 
intravenously, it is excreted for the main part into the bowel, and there 
produces irritation and catharsis. The yellow pigment of the urine 
after rhubarb and senna becomes a purple red on the addition of alkalies; 
the milk and skin also are said to assume a yellowish tinge from the 
presence of chrysophanol. 

In the rabbit aloin seldom causes purgation, and is excreted by the 
kidney in considerable quantity, especially when injected hypoder- 
mically. In passing through this organ it causes marked irritation 
and epithelial necrosis, which often proves fatal in a few days. No 
irritation of the kidney occurs in man, the dog, or the cat after aloin. 
The anthracene purgatives have little action until they reach the large 
intestine, presumably because they do not find suitable conditions for 
solution in the small bowel. The interval between their administration 
and the 'evacuation of the bowel therefore tends to be longer than 
under most other purgatives; and for the same reason they tend to 
cause greater pelvic congestion. Among them aloes is especially slow in 
action and tends to cause congestion of the uterus. 

Rhubarb contains a considerable amount of tannic acid, which acts 
as an astringent and therefore tends to cause constipation after the 
evacuation of the bowels. It is not well tolerated in some cases, its 
administration being followed by nausea, headache and giddiness, 
more rarely by skin eruptions of different kinds. Senna preparations 
are generally found to have a greater tendency to produce griping 
than the other members of this series. 

Of these numerous preparations, the most extensively prescribed are 
the pills. The fluid preparations have an unpleasant, bitter taste, and 
are therefore less used, unless ‘when disguised by the addition of sugar 
or volatile oils. The syrups of rhubarb and senna are often admin- 
istered to children, and the confection of senna and the compound 
liquorice powder are also pleasant, easily taken preparations. The 
compound infusion or mixture of senna and the compound rhubarb 
powder are old and tried preparations, in which the virtues of the 
vegetable purgative are combined with those of a saline cathartic and 
antacid respectively;- they are both possessed of a harsh, unpleasant 
taste. Cascara sagrada is a very popular remedy in habitual constipa- 
tion, for which it is best given in small repeated doses, which can be 
gradually reduced as the condition of the bowel improves. 
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gall bladder and determine its functional activity. It should not be used in 
patients with myocardial insufficiency, uremia or jaundice. Tetraiodophenol- 
phthalein (iodophthalein) is also used for gall bladder visualization. 



Fig. 10 — Typical phenolphthaleio eruption. ( Ormsby and Montgomery's 
Diseases of the Skin, Lea & Febigcr.) 


3. The Jalap and Colocynth Group 

The third group of the vegetable purgatives comprises a number of 
resinous glucosides and acids, whose more intimate chemical structure 
is unknown, though a number of them appear to be nearly related 
chemically, so that it is possible that they all contain a common radicle 
like the members of the anthracene group. 

Jalap resin contains two anhydride glucosides, Convolvulin and Jalapitt, the 
latter only in very small quantity. Scammony consists very largely of Jalapin. 
Podophyllum contains two isomeric principles, Podophyllotorin and Picropodo- 
phijlhn. Colocynlhin ig a glucoside occurring in the colocynth fruit, and forms 
Colocynlkein and sugar when treated with acids. 

Action.— These substances are in general much more powerful than 
any of the other purgatives, and are therefore classed together as the 
drastic purgatives or hydragogue cathartics. In small quantities they 
cause evacuation more rapidly than the anthracene purgatives, and 
in somewhat larger doses produce profuse watery stools with much 
pain and often tenesmus. In cases of poisoning, the bowel undergoes 
acute inflammation, and blood is passed in the stools, which often 
contain shreds of epithelium from the walls. The irritant action ap- 
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parentlv ib'not confined to the bowel, for their administration is some- 
times followed by uneasiness in the stomach, and occasionally by nausea 
and vomiting. On the other hand, moderate quantities are said not to 
Induce colic so frequently as some of the anthracene purges. This is 
probably due to the fact that they accelerate the movement of both the 
small and large bowel; a quantity of unabsorbed fluid is thus poured 
into the cecum and the contents are rendered softer and more easily 
moved than if these drugs, like the anthracene group, acted only on the 
large intestine. In the cat, jalap resin quickens the peristaltic move- 
ments of the small intestine, while on the colon it has rather a consti- 
pating effect, possibly due to an increase of the nntipcristaltic mo\c- 
ments of the proximal colon (Bloch). 

Several of these resinous purges arc irritant to the skin and especially to the 
mucous membranes of the eye, no<-e, and throat. The presence of bile m the 
intestine increases the purgative action of almost all these bodies and in fart, 
seems essential for the action of most of them 

PodopliyHotoxin and colocjnthm cau«c purgation when injected subcutane- 
ously, this is probably owing to their excretion into the bowel, as the former 
has been detected m the feces after this method of administration Podophy Jfo- 
toxin causes glomerular nephritis and hemorrhages into various organs when 
administered hypodermically or intravenously in large quantities, and when 
added to blood m n test-tube, it cau«es the formation of mcthcmoglobm in the 
corpuscles. U has been said to have a depressant action on the central nervous 
system, hut this is probabh o result of the shock ami hemorrhage produced 
by its intestinal action Colocvntlun is paid to cause renal inflammation when 
applied subcutaneously or taken internal)), and even when the jxwidcr is 
inhaled during its manufacture Jntapin and convolvulm given by the month 
arc found in the feces in a partially decomposed state; none appears in the urine. 

Tbc resinous purgatives arc generally administered in pill form; 
very frequently two or more arc combined in one pill, or they may be 
prescribed along with extract of Ixdladonna or bjoscyntnus, or with a 
drop of some carminative oil to prevent the pain am! griping which often 
accompanies their action The inqiortance of tiicsc purgatives is much 
less than it was formerly, and they arc -cldoni used in modern thera- 
peutics. Podophyllum is n-ed for local application to the Icmous of 
Granuloma Inguinale and to Condylomata. 

Therapeutic Uses ol the Purgatives - The purgatives arc employed to 
cause evacuation of the bowel when for any reason its peristalsis is '•tow. 

W itli a host of effective tncdicinals nt his disposal, the modern phj ‘•ietan 
is loss concerned with prescribing cathartics than was his predeeexvor 
of n previous generation The gem ral laity, on the other hand, indulges 
freely in self medication with various forms of proprietary cathartic 
preparations Mineral oil, calcars, saline cathartics, nnd proprietary 
preparations containing phenolphthalein arc the jxipular bmne mmxlies 
In the choice of a purgative, the ad\ aiitages of the vegetable purgative 
must 1«* weighed again-t three of the «aline cathartics and of the mer- 
cu rial preparations. In ordinary cfwfi/vjfrvn of rhort efundm?, m wht< It 
the peristalsis may merrly ‘•cem vunewhat more ditjgi'h than u-u.il, 
the milder laxatives arc procrilxxi--rnMor oil, *u1fur. ‘<nm. rhubarb 
aloes, frangwla.or ca-earn -agrada. The fir»l two ranve least disturbance 
of the liowrl, but arr disagreeable to take, mid nrr levs commonly prr- 
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scribed for adults than rhubarb or cascara, or small doses of colocynth 
or podophyllum. In children or in debility in adults, senna and castor 
oil are frequently used; sulfur is often given along with magnesia in 
constipation in children, and in hemorrhoids, because it renders the 
stools softer and less liable to cause irritation mechanically. 

In chronic constipation which cannot be controlled by hygienic meas- 
ures, or by the use of a special dietary such as fruits or coarse foods, and 
where the intestine has apparently taken on a sluggish habit, cascara, 
rhubarb, aloes, phenolphthalcin, or colocynth may be ordered, but the 
saline cathartics often prove more satisfactory. Rhubarb tends to 
cause some constipation after its laxative effects, but is often used in 
these cases, as it possesses some bitter stomachic action, which com- 
pensates for its astringent after-effects. In obstinate constipation, in 
which the bowel contains hard fecal masses, the milder purgatives 
often provoke griping without relieving the condition, and in these 
cases larger doses of colocynth, jalap, podophyllum, or croton oil are 
sometimes used, along with some of the extracts of the atropine group 
or with a carminative oil. They may be prescribed along with some of 
the saline cathartics, as in the compound infusion of senna or the com- 
pound powder of jalap. An enema' may with advantage be given 
previously. 

In some forms of diarrhea constant irritation seems to be kept up 
by the presence of irritants in the bowel, and the indications are the 
removal of these by a purge rather than the administration of astrin- 
gents. Castor oil is especially adapted for this purpose. 

The more powerful purgatives were formerly largely used to remove 
fluid from the body in cases of dropsy or edema, but the more effective 
diuretics have displaced them for this purpose. 

The purges act as intestinal disinfectants by removing the micro- 
organisms mechanically, though the vegetable purges are less used 
for this purpose than calomel or salines. A purgative is administered 
to remove poisons in the intestine when they have passed beyond the 
stomach or when they are excreted into the bowel. 

Special mention must be made of postoperative atony of the intestine. 
In this condition the most effective remedies are neostigmin, posterior 
pituitary extract, or the application of hot packs (turpentine stupes) to 
the abdomen. \ 

Purgatives are contraindicated in conditions of acute intestinal irrita- 
tion and intestinal obstruction. These should be given with care during 
menstruation and pregnancy, owing to the congestion of the pelvic 
organs, which may lead to an excessive flow in the one case and to 
abortion in the other; aloes is especially dangerous in these conditions. 
In collapse, asthenia and anemia, powerful purgatives are contraindi- 
cated, owing to the irritation they produce. In hemorrhoids, aloes is 
often said to do harm by increasing the congestion of the rectum, and 
powerful purges are injurious from the straining they cause, but if 
constipation is present, a mild purgative is beneficial. The promiscuous 
use of cathartics by the laity for abdominal pain has led to dire results 
in cases of appendicitis. 
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4 . Saline Cathartics. 

Dilute solutions of such salts as the chlorides, iodides, and bromides 
of the alkalies are absorbed rapidly from the alimentary canal, but 
some of the other salts of these metals apparently permeate the epithe- 
lium with greater difficulty, and their solutions therefore remain unab- 
sorbed for a longer time in the intestine. The contents of the intestine 
and the stools thus contain more fluid than usual and these salts arc 
known as the saline cathartics. The chief salts of sodium and potassium 
which have this intestinal action are the sulfates, phosphates, tartrates 
and citrates; less known ones arc the malates and fcrrocyanidcs. 

In these effects the acid constituent, or anion, is obviously the chief 
factor, for the same base, or cation, is present in readily absorbed salts 
such ns the chlorides. And no pronounced differences between the 
action of chlorides and sulfates are observed, unless the salt can be 
given in large quantities, as is possible in the case of the salts of the 
alkalies. The effects of the sulfate and hydrochloride of morphine, 
for example, may be taken as identical, because the anion is present 
in so small amount as to be practically inert. 

The cation of a salt may also fail to be taken up readily by the bowel; 
for example, magnesium chloride is absorber! slonly although other 
chlorides permeate rapidly, and magnesium salts thus act as purgatives 
in the same way as sulfates. Wien both ions are slowly absorbed 
ns in the case of magnesium sulfate, the cathartic action is naturally 
more powerful than when only one 1ms this character. 

The chief saline cathartics used in therapeutics are the sulfolt o/ 
sodium (Glauber's salt), the sulfate of magnesium (Kpsom salt), the 
double tartrate of sodium and potassium (Rochelle salt) and the phosphate 
of sodium. In addition the oxide and carbonate of magnesium have 
some purgative action from being formed into soluble salts in the 
stomach and intestine. 

Symptoms.— Most of the cathartics have a harsh, bitter, unpleasant 
taste, and u hen taken in eonccntntctl solution, may induce some nausea, 
partly from the taste, and partly from the “salt-action” on the stomach, 
which they possess like other soluble bodies. Dilute solutions, however, 
pmvoke no such symptoms, but after one or two hours induce a profuse 
watery evacuation of the bowels. This is sometimes preceded by some 
pain and griping, but these arc not nearly so frequent or so severe as 
after the vegetable purgatives. Not infrequently rite urine ii increased 
in amount afterward, or it may be found to have an unuMinlly high 
percentage of salts. If a moderate quantity of n dilute solution i*» given, 
only one evacuation follow ■% but large do--c-* of concentrated solutions 
induce re|>entrd stools, which at ffnt contain some fecal matter, but 
later ermri't mainly of hile-Mainrri mucous fluid. 

Action. Intestine.— The saline cathartics differ from the vigt table 
purgatives m not inducing irritation of the intestine, unless when they 
are given in very large quantities. The characteristic effect »< nut 
irritation, hut retarded nhsorption The slow absorption of the jjh 
entails the «Jow absorption of the fluid in which it i* dissolved, for the 
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salt holds on to the water and only permits of its being taken up by 
the bowel If an equivalent amount of salt is also absorbed. If a solution 
of sodium chloride isotonic with the blood scrum be administered by 
the mouth to a dog with a cecal fistula, little or none of it reaches the 
wound, as it is all absorbed in the stomach and small intestine. If, 
on the other hand, an equal amount of an isotonic solution of sodium 
sulfate be administered in the same way, most of the solution escapes 
by the fistula, only some 10 to 20 per cent having been absorbed by the 
stomach and small intestine. In a normal dog or in the human subject, 
a much larger amount of fluid therefore readies the large intestine if 
sodium sulfate be dissolved in it than if sodium chloride be used instead 
The contents of the large intestine arc consequently more fluid than 
usual, and are passed down more easily toward the rectum. At the 
same time the weight and distention of the bowel induces increased 
peristalsis and the whole is evacuated. This increased peristalsis is 
due, however, not to any irritant action such as lias been found to be 
induced by rhubarb or croton oil, but to the large amount of fluid con- 
tents, which arouses the usual peristaltic reflex. 

This accelerated passage along the bowel has been observed in man 
by means of the roentgen-rays, and appears to resemble that previously 
described in animals. Wien the distended small intestine empties its 
contents into the colon, the large bowel adopts a more rapid but other- 
wise normal movement and this leads to the evacuation of the rectum; 
the first stool may thus be of almost normal consistency, but this is 
generally followed by a profuse watery movement which may contain 
the greater part of the salt administered. 

If a weaker solution of sodium sulfate is administered, the only 
difference is that more of the fluid is absorbed and less reaches the large 
intestine; but however weak the solution, more of it reaches the large 
intestine than if a correspondingly weak solution of common salt had 
been given. An isotonic or hypotonic solution of a saline cathartic may 
produce purgation more rapidly than a more concentrated solution for 
the latter may cause contraction of the pyloric sphincter, so delaying 
the escape of the salt into the intestine. 

If a hypertonic solution be administered, the effect is somewhat 
different. The salt is still unabsorbed, but it draws fluid from the 
blood into the bowel from its having higher osmotic pressure than the 
blood. A similar draining of the body fluids occurs when concentrated 
solutions of common salt reach the bowel, but the cathartic salts are 
much more powerful, because they do not pass out of the bowel into 
the blood so easily. Instead of an exchange of salt and fluid being 
carried on between the blood and intestinal contents, the blood gives 
up its fluid without any sufficient compensation in salt. Eventually 
the intestinal fluid becomes isotonic, and then some absorption of both 
salt and fluid occurs; in fact, some salt has been absorbed all along, as 
the epithelium is not absolutely impermeable to the cathartics. But 
much less of the sulfate is absorbed than of the chloride given in equal 
concentration, and as a general rule a strong solution’ causes such 
an accumulation of fluid that the bowel becomes distended and evacu- 
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ates its contents. If, however, from any cause this fails to occur, a 
gradual absorption follows and the whole salt and fluid in the bowel 
is absorbed. These salts may fail to purge, for example, when the 
blood and tissues contain very little fluid, as in animals which have 
been deprived of water for several days previously. In this case the 
-osmotic pressure in the bowel is unable to draw fluid from the con- 
centrated blood, which on the other hand has a higher attraction for 
the fluid in the bowel than usual. But where large quantities of fluid 
are present in the tissues, as in edema and dropsy, the saline cathartics 
drain them through the blood into the bowel, and very profuse evacua- 
tion occurs, with the disappearance of the exudate. 

The saline cathartics induce certain changes in the Blood indirectly 
through their action on the intestine. They prevent the absorption 
of the fluid of the food, or, if in sufficient concentration, actually draw 
fluid from the blood and tissues into the bowel, and under both con- 
ditions the blood becomes more concentrated than usual; in the first 
case because it is not reinforced by the usual amount of fluid from 
the food, in the second because it actually loses fluid into the intestine. 
This concentration of the blood leads to a sensation of thirst, and to 
a lessened excretion of fluid by the kidneys and other glands. 

A certain amount of salt and of fluid is absorbed from the intestine, 
unless purgation follows very rapidly, and this salt acts in the blood 
and tissues in the same way as the salts which do not act as cathartics. 
When very dilute solutions of these salts are given, therefore, the blood 
becomes less concentrated and diuresis follows, but this does not occur 1 
so soon as after a similar solution of common salt, because the absorp- 
tion is somewhat slower. Stronger cathartic solutions at first cause a 
concentration of the blood and lessened mine, but afterward the excess 
of salt in the blood may cause diuresis. The greater the purgative action, 
the less the diuretic, because more fluid and more of the cathartics are 
thrown out in the stools. If no purgation follows for any reason, as 
when the blood has been concentrated by long abstinence from water, 
the whole of the salt eventually passes into the blood and is excreted by 
the kidney, and may cause very considerable diuresis and a still further 
concentration of the blood. The sulfates are absorbed by the epithe- 
lium of the renal tubules with much greater difficulty than chloride, 
and thus offer osmotic resistance to the absorption of the fluid in the 
tubules; sulfates absorbed into the blood therefore induce a more pro- 
fuse diuresis than an equal amount of chloride, but less of the former 
reaches the blood generally, so that the chlorides are better practical 
diuretics. 

From the above it can be inferred at once that a saline cathartic in- 
jected intravenously causes no purgation, for instead of preventing 
the passage of fluid from the bowel into the blood, it rather encourages 
its absorption by increasing the osmotic pressure of the blood. And 
similarly the hypodermic injection of these salts is not followed by 
purging. 

The statement is sometimes made that the saline cathartics act as 
J6 
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cholagogues, i. e., increase the secretion of bile, but this has not been 
confirmed by more careful observations. 

The Temperature is often somewhat reduced by the action of the saline 
cathartics, but seldom more than one-half degree. 

The habitual use of saline cathartics has been advocated for Reducing 
the Weight in obesity, but any effect which they induce can only result 
from a reduced absorption of nutrients from the bowel. Obviously, 
the limitation of the caloric intake is a more effective and rational pro- 
cedure for reducing the weight. 

When purgation follows the administration of a saline cathartic, 
the most of the salt escapes in the feces, never having been absorbed 
at all. When the salt fails to purge, however, and is absorbed, it under- 
goes the usual exchanges in the tissues and is excreted by the urine. 

The Sulfates seem to pass through the tissues without injuring them, and 
but little effect is observed from injecting considerable quantities into the 
blood. When the sulfate ion is combined with a poisonous base, such as potas- 
sium or magnesium, the injection is of course followed by characteristic symp- 
toms; but tlic anion seems to be comparatively harmless, and when the potassium 
or magnesium salt is taken by the mouth it also is quite devoid of general action. 
However, in nephritis where renal insufficiency interferes with their excretion, 
accumulation of these ions to toxic levels may ensue. 

The Phosphates are also very inactive after absorption. When they are 
injected subcutaneously or intravenously, the metaphosphates and pyrophos- 
phates are poisonous. Phosphates absorbed in man and in the carnivora are 
excreted by the kidney and increase the acidity of the urine; in the herbivora 
they are excreted exclusively by the bowel wall. 

The Tartrates are slowly oxidized in the tissues to carbonates but a con- 
siderable quantity is excreted in the urine unchanged. Injected into the blood 
directly, the tartrates seem to act as heart poisons, and in the rabbit nephritis 
is induced by their hypodermic application, but no such effects are observed 
in man from their administration by the mouth even in enormous quantities 

The oxide and carbonate of magnesium differ from the other saline 
cathartics in being very insoluble and in possessing an alkaline reaction 
Part of that ingested is formed into magnesium chloride in the stomach, 

• however, and the carbonic acid present in the intestine may dissolve 
part by forming the bicarbonate. Their alkalinity serves to remedy 
any excessive acidity of the stomach or intestine, while at the same 
time they are mildly cathartic. The prolonged use of large quantities 
of magnesia has in some cases led to the formation of large concretions 
in the bowel, resulting in obstruction. 

Therapeutic Uses.— The saline cathartics are very largely used to 
relieve constipation. Habitual constipation seems to be caused by 
insufficient peristalsis, and the slow passage of the contents through 
the intestines allows of a more complete absorption than usual, this in 
turn rendering the feces hard and dry and difficult to move onward. 
The saline cathartics increase the fluidity of the intestinal contents, 
and thus facilitate their expulsion, and this is probably the only effect 
they have when taken in small quantities, and especially in dilute 
solution as in the natural mineral waters. In larger quantities, how- 
ever, more water’ is retained in the bowel, and the weight and disten- 
tion cause peristalsis, while in sufficient quantity they draw fluid 
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from the blood and cause profuse watery discharges. When a very 
complete evacuation is desired, the saline cathartics may be given 
along with some of the vegetable purgatives. Such mixtures are the 
official Black Draught (see Senna) and the compound powder of Jalap 
The saline cathartics act much more rapidly than the vegetable pur- 
gatives, and a common method of combining their effects is to give 
the latter in the evening and the saline the following morning; in the 
same way A mercurial purge, such as calomel, given in the evening, 
may be followed by a Seidlitz powder in the morning. 

The chronic constipation due to sedentary habits is much benefited 
by the saline cathartics, more especially by dilute solutions taken 
before breakfast. The sulfates and tartrates arc harsh and unpleasant 
to the taste, and the natural waters are often preferred, or one of the 
effervescent preparations may be used in those cases. 

The sulfates and tartrates arc more frequently used where a single 
large dose has to be prescribed in order to empty the bowel, but there 
also the Seidlitz powder may be advised instead, as being more agreeable 
to the taste The saline cathartics are less liable to cause pain and 
griping than vegetable purgatives, and thus tend to disturb the patient 
less. 

Sodium phosphate may be prescribed for children, either as a ponder 
to be given in jelly, or in solution in milk or other food which completely 
hides its taste. 

The saline cathartics are used to lessen intestinal putrefaction, and 
are sometimes very efficient, though they do not act through any anti- 
septic power, but simply by removing the putrefying mass. The 
phosphate of sodium has been especially recommended in some forms of 
diarrhea in children. It is also commonly used in adults to relieve 
flatulence and vague abdominal discomfort. 

The saline cathartics were formerly often administered to remote 
accumulations of fluid in the body arising from cardiac or renal insuffi- 
ciency, or from an old effusion. For this purpose the sulfate of mag- 
nesium was used in a large dose, dissohed in about it& own weight of 
water. This form of treatment is liable to weaken and depress the 
patient, and is specially contraindicated, therefore, in asthenic condi- 
tions. More effective methods of removing accumulations of fluid by 
the use of diuretics and cardiac remedies (sec Digitalis) are now utilized 

An analogous effect may play a role in reducing intracerebral pressure, 
f’ushing found that hypertonic sodium chloride solution given by the 
mouth relieved high pressure of the cerebrospinal fluid, presumably 
by withdrawing the fluid of the blood by diuresis; the injection into the 
rectum of f> to fc> <>z. (200 tv ) of a 25 per cent xjhition of magnesium 
sulfate i-> used for the same purpox*, acting by withdrawing fluid from 
the blood into the intestine 

Magnesia and magnesium carbonate arc less liable ti> purge than 
the soluble salts, and arc specially indicated in hyperacidity of the 
stomach or in acid putrefaction in the bowel. They enu-e less disturb- 
ance of the digestion than the carbonate-, of the alkalies Ix-cau-e of their 
insolubility, and at the same time ha\ e the advantage of acting «<» mild 
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purgatives, while the insoluble alkaline lime preparations, tend to induce 
constipation. The magnesia preparations may be used also in diarrhea 
as antacids, as they have no irritant action on the bowel. ' A com- 
bination of antacid, carminative, saline and vegetable aperient is found 
in Gregory’s powder, which contains magnesia, rhubarb, and ginger. 
Freshly prepared magnesia is recommended in arsenic poisoning to 
form an insoluble precipitate in the stomach, and in poisoning with 
acids it is also of value when it can be obtained readily. In both cases 
it is to be given in large quantities. 

The phosphates, hypophosphites and glycerophosphates were for- 
merly prescribed as tonics in the mistaken belief that they improved 
nutrition and aided in the metabolic activity of the nervous system. 
There is no basis for their use for these purposes. 

Natural mineral waters have also been used instead of the pharinaco- 
peal preparations. These contain the sulfates of sodium and magnesium 
with Small amounts of other salts. The belief in their mystical virtues 
is a survival of the old superstitious faith in the healing properties of 
springs. 

Agar and Psyllium Seeds 

Although having no chemical relation to the saline cathartics, several 
laxatives may be mentioned here which act in an analogous manner. 
Agar and various products derived from psyllium seeds absorb water 
from the gut thus increasing the fecal mass and stimulating peristalsis. 

Agar is the dried extract of various species of seaweed (Gelidiace®) 
and consists mainly of gelose, a carbohydrate which is indigestible and 
unabsorbable and retains water in the alimentary canal in the same way 
as the saline cathartics. It thus increases the bulk of the contents of 
the bowel and causes their evacuation in constipation. Agar is a taste- 
less grayish white powder which is administered by suspension in water 
or in food in chronic constipation in doses of 10 grams. 

Psyllium, pfanfafn or plant ago seed contains a mucilage which is 
indigestible and like agar swells in the gut and is used as a mild laxative. 
Wien fed to animals, ground plantago seeds induce darkening of the 
kidneys and the deposition of microscopic pigment in the tubules. 
The significance of this is unknown. Psyllium seed is administered 
with water or fruit juices, eaten without mastication, or mixed with hot 
water and the resulting gelatinous mass spread on bread. It is used in 
doses of 4 to 15 grams. Metamucil is a mixture prepared from psyllium 
seeds to which sugar and salts in small amount are added. 

Preparation's 

Aperients 

Aoar (U. S. P. t B. P.), agar-agar, a dried mucilaginous substance extracted 
from Gtlidium and closely related algre. Dose, U. S. P., 4 grams; B. P., 4 to 
10 crams. 

Contecum Scnrntmis (B. P.), confection of sulfur. Do«e, 4 to 8 grams. # 

Euulsuu Petrolati Liquid: (U. S. P.), mineral oil emulsion, containing 
acacia, syrup, vanillin and alcohol Dose, 30 cc. . 

Oteuji Rjcin*i (TJ. S. P., B. P.), a fixed oil expressed from the seed of R tortus 
communis. Dose, U. S. P., 15 cc.; B. P„ 4 to 16 mil. 
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Petrolatum Liquidum (U. S. P.), Paraffinum Liquidum (B. P.), white 
mineral oil. Dose, U. S. P., 15 cc.; B. P., 7.5 to 30 mil. 

Petrolatum Liquidum Leve (U. S. P.). 

Sulfur Pra^ipitatum (U. S. P.), precipitated sulfur. 

Sulfur Sublimatum (U. S. P.), sublimed or flowers of sulfur. 

Suppositoria Glycerini (U. S. P. f B. P.), glycerin suppositories. 


Rhubarb 

Extract um Rhei (U. S. P.). Dose, 0.5 gram. 

Pilula Rhei Composita (B. P.), contains rhubarb, aloes, myrrh, and oil of 
peppermint. Dose, 0.25 to 0.5 gram. 

Pulvis Rhei Compositus (B. P.), Gregory’s Powder, contains rhubarb, light 
and heavy magnesia and ginger. Dose, 0 6 to 4 grams. 

Rheum, rhubarb, the rhizome of Rheum officinale and other species. Dose, 
U. S. P., 1 gram; B. P., 0.2 to 1 gram. 

Syrupus Rhei Aromaticus (U. S. P.). Dose, 10 cc. 

Tinctura Rhei Aromatica (U. S. P.), contains several volatile oils Dose, 
4 cc. 

Tinctura Rhei Composita (B. P.), formed from rhubarb, cardamom and 
coriander. Dose, 2 to 4 mil. 

Senna 


Confectio Senile (B. P.). Dose, 4 to 8 grams 
Fluidextractum Senna; (U. S. P.). Dose, 2 cc. 
Extractum Senna: Liquidum (B. P.). Dose, 0.6 to 2 mil. 


or _ j • r ‘ • 


bYRUPUS senna: tu. b. i\, u. r.j. Dose, TJ. S. P., 8 cc.; B P., 2 to 8 mil. 
Aloes 

Aloe (U. S. P., B. P.), the inspissated juice of the leaves of several species of 
aloe. 

Aloinum (U. S. P.), a mixture of the active principles obtained from aloes. 
Dose, 15 mg. 

Pilula Aloes (B. P.). Dose, 0.25 to 0 5 gram. 

Pilula Aloes et Asafcbtida: (B P.) Dose, 0.25 to 0 5 gram. 

Pilula Aloes et Ferri (B. P.). Dose, 0 25 to 0.5 gram. 

Cascara 


bXTRACTUM Cascara: Sagrada: liquidum u>. u.>. uo^e, 2. lo 4 mu 
Extr\ctum Cascara: Sagrada: Siccum (B. P.). Dose, 0.1 to 0.5 gram. 
Fluidextractum Cascara: Sagrada; (U. S P.). Dose, 1 cc. {15 min.). 
Fluidextractum Cascara; Sagrada: Ahouaticum (U. S. P.). Dose, 2 cc. 
(30 min.). 

. Phenolphthalein 

Phenolphtiuleinum (TJ. S. P., B. P.), a ciystalline* white or faintly j ellowish 
powder. Dose, U. S. P., 60 mg.; B P. f 0.06 to 0 3 gram. 

Tabelue Phenolpiithaleini (B. P.), tablets of phenolphthalein. Dose, 
0.06 to 0.3 gram. 
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Drastics 

Colocynthis (B. P.)i colocynth, the pulp of the fruit of Citrullus colocynthis 
deprived of its rind. 

Extractum Colocynthidis Compositum (B. P.) (containing colocynth, 
aloes, scammony and cardamom). Dose, 0.25 gram. 

IroiUEA (B. P.), the dried root of Ipomcea orizabenzis, Mexican scammony 
root, Orizaba jalap root. Dose, 0.3 to 1.2 grams. 

Jalapa (B. P.), the tuberous root of Ipomcea Purga. Dose, 0.3 to 1 gram. 

Pilula Colocynthidis et Hyoscyami (B. P.) (colocynth, aloes, scammony, 
resin, oil of cloves, and extract of hyoscyamus). Dose, 0.25 to 0.5 gram. 

Podophyllum, the rhizome and roots of Podophyllum peltatum, the May 
apple. 

Resina Podopiiylli (B. P.). Dose, 0.01 gram; B. P., 0.015 to 0.06 gram. 

ScammoNL® Resina (B. P.), a mixture of resins obtained from Ipomcea. 
Dose, 0.03 to 0.2 gram. 

Saline Cathartics 

Magma Magnesia: (U. S. P.), contains about 7 per cent of Magnesium 
Hydroxide. Dose, antacid, 4 cc.; laxative, 15 cc. 

Magnesii CarbonaSj a mixture of carbonate and hydrate of magnesium. 
^ ‘ ’ " ~ * *’ ~ " O.Gto4grams. 

. acid, 0.25 gram, 


• "■ ■ *• /■■), Epsom salts 

(MgS0 4 , 7H 2 0), soluble in parts of cold water. Dose, U. S. P., 15 grams; 
B. P., 2 to 1G grams. 

Mistura Magnesii Hyduoxidi (B. P.), contains about 8 per cent of hydrox- 
ide. Dose, 4 to 16 mil. 

Potassii Bitartras (U. S. P.), Potassii Tartras Acidus (B. P.), cream of 
tar* • «• 1 -•*’ . pleasant acidulous taste. Dose, 

U. - 


1 * - i et Potassii Tartras (B. P.), 

Rochelle salt (KNnC 4 H 4 0«-4Hi0), crystals or powder with a cool saline taste. 
Dose, U S. P., 10 grams; B. P., 8 to 16 grams. 

Potassii Sulphas (B. P.). potassium sulphate, K»S0 4 . Dose, 1 to 3 grams. 

ni c? T> T> T>x 'V- TTnr "alline salt with 


e, 4 grams, 

. salt (NajSCh 
'5 grams; B. P., 


2 lo io giains. 

Sodii Sulphas Exsiccatus (B. P.), exsiccated sodium sulfate, anhydrous 
sodium sulfate, exsiccated Glauber’s salt, Na 3 S0 4 . Dose, 1 to 8 grams. 


Effervescing Preparations 

Liquor Magnesii Citratis (U. S. P.) is a solution of magnesium citrate 
with excess of citric acid to which potassium bicarbonate is added. The whole 
is bottled tightly and effervesces when the cork is removed. Dose, 200 cc. 
Pulvis Effervescens Compositus (U. S. P., B. P.), Seidlitz powder. 
This powder is made up in two papers, of which the blue one contains a 

■ - • - ' . * * n all 

• ■ the 

‘aric 


Sodii Phosphas Effervescens (B. P., U. S. P.). Dose, 10 grams. 

Sodii Sulphas Effervescens (B. P.), a mixture containing the sulfate of 
soda instead of citrate of magnesia. Dose, 4 to 16 grams. 

Many other effervescent mixtures are used instead of the official ones 
—among them the tartrates and citrates of the alkalies, the acetate of 
magnesium, etc. The effervescent preparations are always to be taken 
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in solution in about a tumbler of water; in some instances in which this 
was not understood, severe distention of the stomach with alarming 
symptoms have arisen from the carbonic acid being freed in the stomach. 
The effervescent preparation ought to be kept dry, and the solution of 
magnesium citrate has to be kept tightly corked. 
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PART III. 


Substances Characterized Chiefly By 
Their Action After Absorption 

A. DEPRESSANTS OF THE CENTRAL NERVOUS SYSTEM 
I. NARCOTICS OF THE METHANE SERIES 
1. Alcohol-Chloroform Group 

A large number of the simpler methane compounds of the open- 
chain series cause depression of the central nervous system, more espe- 
cially of the cerebrum, and some of them are perhaps the most exten- 
sively used of all drugs for among them are the universally used surgical 
anesthetics, alcohol and the hypnotics. The General action of all of these 
is similar in character and consists of a first stage of imperfect con- 
sciousness and confused ideas and analgesia, followed by a second stage 
of excitement or delirium anfl a third stage of complete unconsciousness 
or surgical anesthesia. A non-therapeutic fourth stage of medullary 
paralysis usually due to overdosage can occur. The second stage is 
much more marked after ether and chloroform since with other drugs 
of this series, it is often entirely absent. This has given rise to the 
theory that these drugs stimulate the nerve cells before paralyzing 
them, but an alternative explanation is that the functions of control 
and inhibition are lessened and the centers of motion are thus left free 
and act more strongly than normally. Current thought strongly favors 
the inhibition concept. "This question will receive greater attention 
under the discussion'of alcohol. 

The action on the central nervous system of most mammals is of 
greatest importance and is elicited by comparatively small quantities 
of these drugs, but other forms of living matter are also affected by 
them in somewhat greater concentration, and their action here may in 
short be considered as coextensive with life. 

The different members of the group vary greatly in their chemical 
affinities, and no definite relation can be found between their narcotic 
action and the presence of any one radical. This suggests that their 
effects depend on the properties of the molecule as a whole, and not on 
a chemical combination being formed with any constituent of the tissues. 
The most widely accepted theory has been suggested by Meyer and 
Overton, who attribute the common action of these narcotics to a com- 
mon physical character. They point out that practically all of them are 
more soluble in oils and lipids than in water and that w’hen one of these 
drugs in watery solution meets an oil or lipid, it passes from the water 

( 249 ) 
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to the oil and remains dissolved in it. The same process occurs when 
these drugs are carried in the blood; they tend to leave the watery 
plasma and to accumulate in the lipids of the body, a nd as the ne rve 
t .cells are richest in lipids, the narcotics .accumulate inMie-bra'm^ This 
is a purely physical process, and the amount of the drug taken up from 
the blood is determined by its relative solubility in the lipids and in 
the blood {coefficient of partition between oils and water). This may 

, , • i f i solubility iii fat . .. 

be expressed as a simple formula: — pr.. 1 — . According to 

solubility m water 

Meyer’s view, the presence of the drugs in the lipids renders these more 
fluid and thus changes their relations to the other constituents of the 
cells; this derangement of their normal condition impairs the function 
of these cells and lessens their activity, that is, causes narcosis. This 
very attractive theory has been supported by a number of experiments 
and serves to explain a large number of observations since, in general, 
the higher the partition coefficient, the greater is the anesthetic property 
of drugs in an homologous series. 

While the experiments of Meyer, Overton, and their followers suffice 
to show that these physical properties are factors in the narcotic action, 
there are other determining influences. For when the relative narcotic 
action of less nearly related bodies is compared, the dependence on the 
partition co-efficient is less exact; for example, the relative coefficients of 
partition of alcohol, chloral, and acetone are approximately 1:2:6, but 
their narcotic action is 1 * 16: 1. There is evidently some unknown factor 
which plays an important role in determining the action besides the 
solubility coefficient. Other facts indicate that differential solubility 
n lipids is not an entirely satisfactory explanation of the action of 
narcotics. 

In addition, Clark points out that the action of narcotics on ferments, 
cells, and living tissues usually shows an approximately linear relation 
between concentrations and action and that there are striking resemb- 
lances between their actions on inorganic catalysts, on purified enzymes, 
and on living cells. Any theory of narcotic action ought to account for 
all these phenomena, and differential solubility cannot explain them. 
/ He inclines to the opinion, therefore, that narcotics act by covering 
enzymes or cell surfaces. The effect of such absorption would be to 
interpose a layer of CH 3 — CHj groups between the active surface and 
the watery solution, which might effect a barrier to the exchange of 
molecules between the surface and the solution. This would explain 
the obvious relations between the biological action of narcotics and 
their power of lowering surface tension. 

Quastel and Wheatley have suggested that, in general, narcotics 
/ inhibit the oxidation by the brain of glucose, sodium lactate, and sodium 
pyruvate with a resultant lowering of available energy to the extent 
that the cells of the brain cannot accomplish their normal functional 
activities and anesthesia ensues. 

From all the work that has been done on this subject, certain factors 
emerge. Most workers agree in supposing that the biological effect of 
narcotics is due to some action on cell surfaces. Many of the biological 
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phenomena can be correlated with physical properties of narcotics, but 
no single or simple property is still adequate to explain all the phenomena 
or, indeed, is likely to be adequate in view of the extreme complexity of 
the living cell. The action of narcotics is related to their adsorption 
on the cell surfaces, and solubility in lipids is an important factor which, 
however, may be an incidental one. 

' ‘ a ture of narcosis The 

ole 1 and to anemia of the 

bn the brain of a frog jn 

wi , . still be anesthetized. 

There is no question that the action of narcotics is a direct one on the nervous 
structures and that the changes in the brain circulation, which are similar to 
those in normal sleep, are the result and not the cause of the narcotic action. 

Certain features of the chemical constitution of the members of this group 
have already been mentioned. Thus it is found that, as a general rule, the 


f 


Many methane compounds arc not narcotic simply because they contain 


ethyl nitrite are required to produce the nitrite effect so that the depressant 

action is f ' ' *’ ithanc scries often 

lose their :o as to form sub- 
stituted ai ' * depressant action 

although c Again, the sub- 

stitution of a member of the aromatic series for one of the fatty substances 


While members of this group resemble each other closely in their 
effects on the central nervous system, they are used for very different 
purposes in therapeutics and may, therefore, be discussed in three 
subgroups. (1) alcohol, (2) general anesthetics, and (3) soporifics or 
hypnotics It must be recognized, however, that there is no hard and 
fast fine dividing these *>«hgronp>* for chfora } and other hypnotics can 
give rbc to complete am^theM.a alien administered in large quantities. 
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Alcohol 

Ethyl Alcohol (CH 3 CH 2 OH) has been known in an impure form since 
the earliest times and as far back as the history of medicine extends, 
has been used in some form by savage as w'ell as by civilized man. Its 
medicinal reputation has undergone many fluctuations, by many held 
to be a panacea; by others it has been considered of importance only 
as a poison. 

Alcoholic liquors are generally prepared by the fermentation of sugars, 
which either exist preformed in the fruits or are derived from starch by 
a preliminary ferment action. The simple liquors (wdnes and beers) 
generally contain only a low percentage of alcohol (2 to 20 per cent), 
and the stronger preparations (spirits) are prepared from them by dis- 
tillation, which raises the percentage to 30 to 00 per cent and at the 
same time removes the non-volatile constituents. Spirits and liquors 
are not, however, simple mixtures of alcohol and water but contain 
many other volatile substances. 

Action. — The importance of alcohol in medicine depends upon three 
chief points: (1) its irritant local action; (2) its action on the central 
nervous system; and (3) its caloric properties. 

The irritant action is due to the partial precipitation of the proteins 
of the cells and to its dehydrating property. This is shown by the results 
of its application to the skin, to wounds, and to mucous membranes. 
Applied to the skin in sufficient concentration (e. g., 60 to 00 per cent), 
it produces redness, itching, and a feeling of heat like other volatile and 
irritant substances such as the volatile oils. Alcohol is however, much 
less irritant and at the same time more volatile than these so that unless 
its evaporation is prevented, it may produce a sensation of coolness or 
cold and have little or no irritant action. This is especially true when 
dilute alcohol is used since no very distinct appearances of irritation 
of the skin are produced by solutions under 40 to 50 per cent. On 



253 


NARCOTICS OF THE METHANE SERIES 

ulcere and other unprotected surfaces, the irritant action is much greater, 
ana its application is attended by pain and smarting; the precipitation 
of the proteins lends alcohol an astringent action in certain concentration 
(10 to 20 per cent), but if it penetrates deeper, it may destroy the cells, 
and it then becomes a corrosive until it is diluted by the fluids. 

Its effects on mucous membranes are similar to those on wounds. 
In the mouth, strong alcohol produces a burning, unpleasant sensation 
winch passes to the throat and stomach when it is swallowed, and if 
used chronically, gastritis usually results. If the concentrated vapor 
be mhaled, it causes irritation and reflex closure of the glottis. The 
effects of alcohol on the digestive functions are so important that they 
will receive further attention (p. 257). 

The action of alcohol on the Nervous Centers differs a good deal in 
individuals as well as in the same individual at different times, One 
person is rendered sentimental, another bellicose, while in a thin! there 
may be no appearance of excitement, the first distinct symptom being 
profound slumber. When drinking is indulged in in company, the 
excitement stage is a very common phenomenon, but if alcohol is taken 
without the exhilarating accompaniments of bright lights and exciting 
companionship, it is much less frequently seen, and the question has 
therefore arisen how far the environment produces the excitement in 
alcoholic intoxication. In small quantities, as a rule, it produces a 
feeling of well-being and good fellowship, along with increased confi- 
dence in the powers, mental and physical, of the subject of the experi- 
ment. Larger quantities arc followed by a certain amount of excite- 
ment, marked by laughter, loquacity, and gesticulation The face 
becomes flushed and hot, the eyes brighter and livelier, the pulse is 
accelerated. Even at this stage self-control is partially lost and the 
W’ill power is weakened . The speech may he brilliant, but it often I >c trays 
the speaker; the movements are more lively, but they are often undigni- 
fied. The loss of self-control is often indicated further by furious out- 
bursts of anger and unreasonableness or by the indulgence in maudlin 
sentimentality and sensual fancies. Tire sense of responsibility and the 
power of discrimination between the trivia! and the important are lost, 
«md the individual has no regard for the feelings of others or the ordinary 
conventions of life. If the bout lx: further continued, the movements 
become uncertain, the speech becomes difficult and stammering, the 
"'alk becomes a stagger, and a torpid slumber follows (I ig 1 1 )■ Often 
nausea and vomiting set in, although these arr entirely nh«ent in some 
cayea. On nwnkening from slumber. very great depression is generally 
sufferrd from together with nau«oa nnd vomiting and want of appetite, 
"hich may jasl for several days nnd is ov-od.itod with the symptoms 
of acute gastritis nnd enteritis. 

» cry large quantities of alcohol lead to a deep, torpid sleep which 
J*ventujdfy passes into total unconsciousness, resembling the condition 
tn chloroform anesthesia ; the respiration becomes stertorous and >h»« , 

■fid the face, which has hitherto l*een flushed. fxrornr* pale or ry auntie. 
This condition may last for several hours and rnd in death fmm failure 
°f the respiration,' but in other cases the anesthesia become* lr*« deep 
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Flo 11.— Chart showing behavior reactions with graduated amounts of alcohol in blood 
and urine. (From Snyder’s Homicide Investigation. 1944. Courtesy of Charles C Thomas. 
Springfield, Illinois, and Dr. C. W. Muehlbcrger.) 


Individual differences in reactions to alcohol, already mentioned, 
probably account for the old idea that it primarily stimulated the central 
nervous system. At the present time, however, no such action is con- 
sidered since all of its effects may be definitely attributed to its depres- 
sant action on the brain. The apparent stimulation may be easily 
explained as the result of motor and other areas being freed from control 
by the weakening of the highest functions of the brain— the will and 
self-restraint. Even the smallest quantities of alcohol tend to lessen 
the activity of the brain, the drug appearing to act most strongly, and 
therefore in the smallest quantities, on the most recently acquired 
faculties to annihilate those qualities that have been built up through 
education and experience, the power of self-control and the sense of 
responsibility. The poet Horace recognized release of inhibitions brought 
about by the depressant action of alcohol when he wrote. 


“What wonders does not wine! It discloses secrets, ratifies and confirms 
our hopes; thrusts the coward forth to battle, ceases the anxious mind of 
its burden; instructs in the arts. Whom has not a cheerful glass made 
eloquent! Whom not quite free and easy from pinching poverty 1 ” 
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Again, one only has to recall that in the IS id's •‘ether frolic* « tfn . 

r ^ hl!aratin -” cfFcct [ >y men who wished to he reiiemi 
of inhibitions. The excitement produced In a general ane^!icti< is 
S S 1,laF t0 thc stvcal!cd “simulating" action of alcohol 
Ihc effect on the simple reflexes haxc been examined earefnlb In 
Uod lp and Benedict, who find that 30 cc. of alcohol m man lessens the 
speed and strength of the knee-jerk and of reflex closure of thc i vcinl- 
the reflex arc is therefore depressed In alcohol, and there ts no question 
that this action is central in location. 

rhe amount of -work and endurance under alcohol Inn* long hten n 
subject of study. Grubbs and Hitehew k state that musch s arc < apahfc 
or using the energy of cth\ I alcohol in performing work l!.mn< r. the 
capacity for work, depends not so much upon thc »i lual strength «>f the 
muscles as upon the condition of the brain CarcfulK mwrolhd cxjxti- 
ments were performed using the recording ergograpli. txpe setting 
ability, climbing, and thc ability to perform mental gjmna-tits ns 
criteria to test the validity of thc part alcohol pk>\ s m mm n-asmg phj s» a I 
or mental ability. The results of all tests tlcfimtch show th.it tins drug 
decrease.-* all forms of work. In every m.stamr, it has Imtii cnnehisiwlv 
snonti that even though the subjects might feel that they were doing 
tnore or better physical and mental work, the final results did not con- 
thc psychological impression Such experiments arc another null- 
cation that alcohol is depressant and not a stimulant m nm 'cn-e of 
the wort). Binallv, it is generally recogmn-d that mental and plnsiml 
equilibrium following the use of alcohol is reinstated only aftir twelve 
to twenty-four hours follow mg its ingestion 
The question of thc action of small amounts of alcohol ujam the central 
nervous system has assumed great importance in the past few ><ars 
otic to the increased numbers of automobile* and airplanes m n-e and 
specially to the higher speeds at which then utv driven Mati-tir- 
as to the number of accidents directly or uubmtlv due to nlmho! nn 
1,0 orioudy unreliable. Obvious drtinkenness as manifested by -tag* 
genng gnit and impaired speech is easily ivt ogni7ablc and would rrin h 
<*3tisc any great difficulty m ascribing the role placed by ahohol in :t 
catastrophe. The difficult is much greater, how eur whenonh -mall 
amounts of alcohol have been imbibed amounts wJmh prodmr no 
Mgns of gross intoxication but vvhich nn- \rt sufficient t<> ntahr a dmrr 
Ugh iv dangerous upon thc public highwav or in the mr \n imp.und 
judgment and slowed reflexes max make all the diiTere: fc i«ei c 
j v k v mid death. The danger is r-qwri.db gn at n- a!<oh«.| de.tpi* «tr* 
mm the blood relatively tlmvly and itsaition, therefore, jwrsi't' mwli 
^<mp*r than j, peneralK rvcogmrrd It should I*- undcr-t**-! that fo» 

,,V C * of alcohol the term “dnmhrnne** ‘ i< not apple-abb but r.itl 
„ in toxica tin,,” or still tetter thc statement tlwt the irdoid-nl 
XT } hr «nfl‘Wire of alcohol " 

\ ,<v *d alcohol {x-r rent* n»v te fairly well cr—nhmtrd wish 
nation |-j, A* a rule, a 0 rH*jw f rrnt «x>i emirate* d« - *u«-. 

c.autc intoxication Manx person*. Imuevrr are r'rapdJe <>* i . *r -d 

n J^ f j 0 j- j*. r m ,j a j.,J r%rri (J.jjjr short ev »dr'.*-- id 
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intoxication at 0.10 per cent concentrations. Because of these discrep- 
ancies, most courts of law recognize definite intoxication to be present 
if a blood level of 0.20 per cent, a urinary alcohol level of 0.2 per cent, 
or an exhaled air alcohol concentration of 1.0 mg. per liter exists. 
The British Committee studying this question concluded that 60 to 
90 cc. of whiskey usually affects adversely rapid and accurate coordina- 
tion and must affect driving capacity even though not causing definite 
clinical intoxication. In this connection, it can be stated that the average 
person will show definite signs of marked intoxication after drinking 
150 cc. of whiskey or 8 bottles of beer. Naturally, the time involved in 
consuming these amounts will alter individual reactions as well as 
blood and urine levels. 

Alcohol has been found to cause a prolonged secretion of the cerebro- 
spinal fluid and to raise the pressure in the subarachnoid space, and it 
has been suggested that this may account in part for its after effects 
which have generally been attributed to gastric disturbance. Such an 
effect probably explains the cerebral edema or “wet brain” described 
by the pathologist in a confirmed alcoholic. 

The Respiratory and Circulatory Centers of the medulla preserve their 
functions long after the occurrence of complete unconsciousness and 
the disappearance of the ordinary reflexes. From a practical point of 
view, the effects of alcohol on respiration are of little importance since 
changes induced are small and inconstant. The alveolar carbon dioxide 
tension falls in some cases. This might indicate that the center is more 
sensitive to the presence of this gas in the blood. However, in many 
individuals Higgins found no such change, and in any event, the effects 
in either direction were always slight. Furthermore, in his experiments, 
the rate of breathing was not altered, and the volume of air breathed 
per minute was actually lessened. Any stimulation of respiration must 
be due to a reflex phenomenon arising from irritation of the stomach 
and not to the center itself. The important thing to remember is that 
the respiratory center functions perfectly in spite of loss of consciousness 
and loss of ordinary reflexes. 

Circulation.— The pulse is accelerated during the excitement of alco- 
holic intoxication, but this is due to the increased muscular effort and 
not to any direct action on the heart since the pulse rate is unaltered 
by alcohol in normal cases, provided that no excitement be produced 
by the environment. In animals also, the pulse rate is very little 
altered by alcohol except in very’ large quantities when it is slowed. 
Very large quantities of alcohol cause a marked fall in the arterial tension 
through weakening the vasoconstrictor centers and the heart muscle, 
but the quantities of alcohol required to cause any great fall in blood- 
pressure are far in excess of those used in therapeutics. The blood- 
pressure is said to be slightly increased in man in some cases after 
moderate quantities of alcohol (15 to 30 cc.), but in at least an equal 
number of observations it was found to be slightly reduced, and in 
many no definite change could be made out. Grc liman showed that 
when moderate amounts (30 cc.) of alcohol in a dil ted form are given 
occasional drinkers, there is a slight rise in pulse rate coming on in from 
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fifteen to thirty minutes and not dependent upon psychic factors which 
might produce such changes in non-drinkers immediately after alcohol 
has been taken. In moderate drinkers, slightly larger amounts (35 cc. 
or more) caused appreciable increases in both blood-pressure and in 
cardiac output. Alcohol is believed by some to augment the strength 
of the heart, but the change is small in extent and inconstant in its 
appearance. Peters et aJ. found that blood concentrations (less than 
• 0.4 per cent) would actually decrease the capacity for the heart to func- 
tion properly. Larger quantities affect the heart in the same way as 
ether and chloroform, weakening the auricular and later the ventricular 
systole and inducing dilatation and slowing of both chambers. The 
action of .alcohol on the heart is much less, however, than that of chloro- 
form and ether, much more being required to arrest the frog’s heart, 
and the mammalian heart continues to beat when perfused with 2 per 
cent alcohol. 

The flushing of the skin which occurs in alcoholic intoxication indi- 
cates dilation of the skin vessels, giving a false impression of increased 
warmth. These seems to arise from central vasomotor action, but 
whether it is due to direct stimulation of the centers or arises from a 
reflex from the stomach is not yet determined. Alcohol is not to be 
considered a predisposing cause of angina pectoris since it dilates cor- 
onary arteries and in moderate doses is beneficial (White and Sharher), 

On the whole, the action on the circulation of small quantities of 
alcohol (15 to 30 cc.) may be favorable in some conditions but is so 
slight and inconstant that it is impossible to regard it as a basis on which 
serious therapeutics can be founded. The slowing of the heart which 
often follows the administration of alcohol in fever would seem due 
rather to its diminishing the cerebral excitement than to its direct 
action on the heart. 

Alcohol has little effect on Muscle or on peripheral Nerves and any 
increase in muscular work accomplished is probably due to lessened 
consciousness of fatigue plus improvement in the circulation caused by 
peripheral vasodilatation and not to utilization of the drug by muscle 
tissue as suggested by early workers in this field. . Large doses definitely 
decrease muscular work through central depression. 

The effect of alcohol on the Digestion has been the subject of many 
investigations, both from the clinical and the experimental point of 
view (Bcazell and Ivy). There exists a widespread belief in both Jay 
and medical circles that small quantities of alcohol taken before a meal 
increase the appetite while after foot! they accelerate the digestion. 

It is obvious that alcohol may affect digestion either by altering the 
activity of the ferments in the digestive canal or by altering the secre- 
tion movement, or absorption of the stomach and intestine. In con- 
centrations under 20 per cent, alcohol may stimulate the flow of the 
pancreatic juice When somew hat larger amounts are added, the peptic 
act! vi tv of gastric juice is greatly reduced, and even small quantities of 
the ordinary a incs and beers fan e this detrimental effect. In the latter 
instance, the concentration of alcohol is not a factor, hut instead certain 
organic by-products resulting from their manufacture arc theVesponsiblo 
17 
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agents. Excessive amounts of alcohol decrease the secretion of intestinal 
and pancreatic juices as well. 

The presence of alcohol in the mouth causes a very appreciable 
increase in the secretion of the saliva, presumably by reflex action, and 
a similar increase in the acidity of the gastric juice may perhaps follow 
from its local irritant action on the stomach. Apart from this, it 
appears to exert a specific action on the secretion after its absorption 
into the circulation. When it is injected into the rectum, a profuse 
secretion from the gastric raucous membrane follows, and when part 
of the stomach is isolated from the rest of the organ so that alcohol 
given by the mouth fails to enter it, this part still shares in the secretion, 
but the pepsin secretion is not correspondingly augmented. It has been 
further demonstrated that the absorption of fluids from the stomach 
and bowel is accelerated by the addition of alcohol while the movements 
of the stomach are unchanged or diminished by moderate quantities. 

In summary, dilute concentrations of alcohol in moderate amounts 
do not interfere with digestion. Small quantities of it ingested by persons 
who enjoy the taste of the beverage actually improves digestion. On 
the other hand, excessive amounts often cause nausea and vomiting, 
increased mucous secretion, gastritis, and even enteritis due to its local 
irritant and dehydrating properties. 

Absorption and Excretion. —Alcohol is absorbed rapidly, about 20 per 
cent of that ingested being taken up in the stomach and 80 per cent 
in the small intestine. The rate of absorption varies with the concen- 
tration, strong alcohol appearing more quickly in the blood than the 
same amount in greater dilution; food delays the absorption when 
taken at the same time, especially if it contains much fat (Melfanby). 
The concentration of alcohol in the blood reaches its maximum about 
two hours after it is swallowed, and then the level falls slowly, the amount 
in the blood being determined by the balance between that which fc> 
being absorbed and the amount undergoing oxidation and excretion. 
However, it requires a longer period of time for the brain to acquire a 
peak level of alcohol and longer for it to lose its final concentration 
Harger and Hulpieti 1 hat 25 per cent alcohol given by mouth to 
dor« ; ' They state that 89 per cent was absorbed 

in , • ' ' - ..udt absorption was practically complete in two 

hoi..o. \ ne course of intoxication follows the curve of the concentration 
in the blood fairly closely. 

Alcohol is found in largest proportions in the blood plasma, which 
contains about twice as much as the corpuscles: G reliant found as much 
as O.G per cent in the blood of animals, but more than this was inevitably 
fatal. Traces remain in the blood for about twenty-four hours, but over 
90 per cent of that ingested is oxidized in that time with a resultant 
release in energy and the formation of carbon dioxide and water . 

The rate of oxidation of the alcohol in the body is proportional to the 
amount which is present in the body. Carpenter and Lee have shown 
that metabolism of alcohol as indicated by the course of the respiratory 
quotients and the oxygen absorption proceeded at about the same rate 
irrespective of whether the subject was at rest or engaged in muscular 


NARCOTICS Of THE METHANE SERIES 


259 


activity. These same authors showed that muscular work did not 
appreciably alter the concentration in urine, blood, or in expired air 
Furthermore, although they noted that the amount of alcohol eliminated 
by respiration was about twice as much during work as during rest, 
that this only amounted to 0.4 to 0.7 per cent of the amount ingested at 
rest and from 0.9 to 1.6 per cent of the amount ingested in the working 
experiments. Hence, work played a negligible role in reducing the 
amount of alcohol in the body. The techniques employed in these 
well-controlled experiments should convince the most doubtful that it is 
not possible to increase markedly the oxidation of alcohol. 

The alcohol which escapes combustion in the tissues is excreted bj 
the kidneys unchanged and by the lungs, but this is usually less than 
about 5 per cent of the total amount ingested. The lungs excrete very 
little alcohol— 0.5 to 2 per cent. It is doubtful if artificial hyperpnea 
induced by carbon dioxide is of any significant value in hastening excre- 
tion via the respiratory system. At least in the treatment of alcoholic 
intoxication, exact studies have failed to indicate any decrease in alcohol 
concentration due to the inhalation of carbon dioxide. 

The amount of alcohol excreted by the kidneys varies with the amount 
of urine, and the percentage of alcohol taken which is lost through the 
kidneys depends upon the amount of urine passed. During sixteen 
hours following the administration of alcohol to dogs, approximately 
2 to 4 per cent of the total amount taken is eliminated in the urine, the 
variation being due to the rate of urinary secretion. Haggard and 
Greenberg found that the concentration of alcohol in the urine in rela- 
tion to that in the arterial blood corresponded closely to the relative 
solubility of alcohol in blood and in urine, and they conclude, therefore, 
that alcohol passes through the kidney by simple diffusion More 
alcohol is excreted when it is taken on an empty stomach than when it 
is taken with food, but even in these conditions over 90 per cent under- 
goes complete combustion in the tissues. 

Traces arc sometimes found in the sweat and milk, but there is no 
foundation for the legend that children may be intoxicated or acquire a 
taste for strong drink from the alcohol absorbed in the milk of a drunken 
mother or wet-nurse. Furthermore, the amount and quality of the milk 
arc unaffected by the administration of alcohol (Roscmann). Minute 
amounts of alcohol nre eliminated in some quantity in the bile but arc 
not absorbed in the intestine. 

Is Alcohol a Food?— It has been shown that in man only 5 per cent 
or less of the ingested alcohol is excreted while the rest of that absorbed 
from the stomach and bowel, amounting to over 90 per cent, undergoes 
combustion in the tissues. In this process, alcohol furnishes energy to 
the body and, therefore, is technically a food, but this docs not imply 
that it is nn advisable food in all conditions. Experiments in which the 
carbon dioxide excretion was measured under alcohol show that no more 
energy is required for its absorption than for that of other foods and that 
alcohol taken in addition to the ordinary food undergoes oxidation 
instead of carbohydrate and fat, which in turn arc used to build up 
reserves of energy in the body Alcohol itself cannot be stored in the 
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tissues and is, therefore, utilized in place of the carbohydrate, which is 
deposited as glycogen; an increase in the fat of the tissues has been 
shown to occur in animals treated with alcohol and is a common observa- 
tion in man (Togel, Brezina", and Durig). Alcohol, therefore, acts as a 
substitute for carbohydrates and fat in the food and is Utilized like them 
for the production of heat and work; a usual drink of whiskey will 
supply about 70 calories. 

It has long been recognized that when insufficient fat and carbohy- 
drate is supplied to the body, the proteins are drawn upon to make good 
the deficiency and the nitrogen eliminated rises accordingly. On the 
other hand, when the fats and carbohydrates of the food are increased, 
the organism economizes its protein and the nitrogen tends to fall. This 
is the most accurate method of testing the food value of non-nitro- 
genous substances, and alcohol has been the subject of a number of 
such investigations (Neumann, Atwater and Benedict, Rosemann). The 
results may be summarized as follows: Alcohol corrected increased 
destruction of proteins when it was substituted for a deficient amount 
of fat in the diet. When alcohol was given in addition to a sufficient 
fat intake, nitrogen excretion markedly fell, indicating a sparing action 
on proteins similar to the effect of other non-nitrogenous substances. 
(See Pig. 12.) 
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Fla. 12. — The effect of alcohol on nitrogen elimination. The wave-line represents the 
nitrogen excreted. It rises rapidly in the second period when the fat of the food was 
reduced to one-half, but soon falls m the third period where alcohol was substituted. 
100 Grams of alcohol is chemically equivalent to 78 grams of fat. (After Neumann.) 

Metabolism.— A decrease in general metabolic energy results only 
when very large quantities of alcohol are taken and depression and 
sleep follow. This effect is due to decreased muscular movement. The 
opposite effect is seen during the excitement phase. Lolli et al. found 
that alcohol causes an increase in extracellular water in fasting animals. 
Thirst was not relieved by water in amounts equal to those lost in 
diuresis. 

Effects on Growth and Progeny.— Heredity.— Much has been written 
on the subject of heredity and alcohol. Stockard’s animal experiments 
do not show that alcohol causes deterioration in several generations of 
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offsprings whose parents were subjected to alcohol. He believes, there- 
fore, that a child does not inherit alcoholism nor are children of alcoholics 
necessarily more prone to epilepsy, mental deficiencies, and the like 
unless their parents were mentally unbalanced. It should be emphasized 
that while daily moderate amounts of alcohol do not appear injurious 
to human beings, excessive amounts of spirits decrease life expectancy. 

Hepatotoxic Effects.— Long continued excessive use of alcohol will 
cause a serious disturbance of liver function and will probably damage 
the hepatic parenchyma when existing disease is present. Without 
such a preexistence of disease, there is doubt as to the exact effect of 
alcohol on the hepatic cell. Newman et al. have shown that ethyl 
alcohol is metabolized directly by the liver and exerts a depressing effect 
on its functional activities as indicated by a decrease in oxygen con- 
sumption, an increase in blood lactic acid, and a decrease in liver glycogen 
of as much as 45 per cent. Since the liver may be the chief site for the 
initial oxidation of alcohol, it is important to stress the role that insulin 
plays in this metabolic process. Recent work would indicate that insulin 
markedly influences the oxidation of alcohol in the liver. Finally, Gold- 
farb, Bowman, and Parker have shown .that increased utilization of 
glucose under the influence of injected insulin also favors a more rapid 
and complete oxidation of alcohol in the liver. In addition, Connor has 
been able at the autopsy table to trace all stages of progression from the 
large, smooth, fatty liver, which is the most constant anatomic finding 
in chronic alcoholism, through a hypertrophic stage of cirrhosis to 
eventual atrophy. The authors agree with Newman that there must 
be a direct metabolic effect of alcohol on the liver. 

Moon is of the opinion, as are the vast majority of pathologists, 
that no creditable evidence for experimental cirrhosis of die liver due 
to alcohol has ever been produced. It is true that when alcohol is 
given to dogs along with a high fat diet a fatty liver results much more 
quickly than though the alcohol had been omitted; however, no true 
cirrhosis developed. Rosenthal found that the administration of alcohol 
by mouth in doses of 2 cc. per kilo of body weight rendered the liver 
more susceptible to the action of chloroform since most of the dogs so 
treated died after a two-hour chloroform anesthesia following recovery 
while the controls recovered and lived. These findings are in agreement 
with those described by MacNider who found in dogs which had been 
intoxicated with alcohol for twelve hours an increased retention of 
phenoltetrachlorphthalein indicative of liver injury, but recovery was 
complete in from two to three days. 

The multitude of toxic effects attributed to alcohol in the past arc no 
longer believed to be due to alcohol itself but result rather from the' 
dietary deficiencies to which the chronic drinker is subjected. Thus the 
cirrhosis of the liver, peripheral neuritis, and myocardial dilatation 
common in the drunkard are now believed to be manifestations of 
thiamin deficiency rather than results of any direct toxic effect of alcohol. 

Influence on Infection.— There is no proof that alcohol directly decreases 
the resistance of an individual to infection. Experiments reporting such 
effects in the human and in animals are not clear-cut, and statistically 
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the differences are never significant. Consequently, while alcohol has 
often been claimed as a cause for lowered resistance, any decrease in the 
ability to combat infection is due entirely to the general physical dis- 
ability seen in chronic alcoholics. 

The Temperature of the body falls somewhat after the administration 
of alcohol, but this is not due to any diminution in the oxidation and 
in the heat formed but to the greater output of heat from the dilation 
of the skin vessels. The fall in temperature is comparatively slight, 
seldom being more than \ to 1° C., but if would seem that exposure to 
cold causes a greater fall in the temperature after alcohol than in normal 
conditions; this is perhaps due to the temperature-regulating mechanism 
being rendered less sensitive by alcohol. 

The fall in temperature produced by alcohol is generally accompanied • 
by a feeling of heat, and a thermometer applied to the skin may actually 
show a rise of several degrees because more blood flows through the 
dilated vessels. If much excitement and movement follow the inges- 
tion of alcohol, no fall in the temperature may result, the increased 
heat formed during the movement compensating for the increased out- 
put, and in some cases, a rise of temperature occurs from the same cause. 
Very large quantities of alcohol may lead to a fall in temperature of 
3 to 5° C., owing in part to the lessened movements during uncon- 
sciousness. 

Repeated doses of alcohol produce Tolerance which, although not so 
great as that acquired for morphine and nicotine, involves the prescrip- 
tion of double or triple doses in persons addicted to drinking, but this 
amount cannot easily be increased even in tolerant individuals. The 
explanation for tolerance to alcohol is not clearly understood. It may 
arise in part from the tissues acquiring an increased capacity to oxidize 
alcohol; and as oxidation begins almost as soon as absorption, a large 
quantity of alcohol taken by an habitual drinker may not lead to the 
accumulation in the blood of a sufficient quantity to induce symptoms 
of intoxication. In addition to this factor, the brain may react less than 
normally for Schweisheimer finds that a given concentration of alcohol 
in the blood induces greater intoxication in an abstinent than in a 
tolerant person. Finally, no good proof exists that a tolerant person 
excretes more or less alcohol than a non-tolerant individual. The close 
relationship between alcohol and the narcotics of the fatty series is 
indicated by the fact that much more chloroform or ether than usual 
is required to anesthetize persons in whom a tolerance for alcohol has 
been established. 

Although alcohol seems to increase the Urine to some extent, it can- 
not be said to be a powerful diuretic in itself, and the diuresis may be 
explained in large part by the quantities of fluid taken with the alcohol 
and by the accelerated absorption from the alimentary tract. Some of 
■ the spirituous liquors, such as gin, produce a larger secretion of the 
urine, but this is due to their other constituents and not to the alcohol. 

»--- 7 -* of «n alcoholic dis- 

■ ■ ■ ■ ■ ■ . ' normal and 

■■■■'. le kidneys of 
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animals an increase in urine with large amounts of albumin," the glomeruli show- 
ing evidence of fatty changes In ncpbropathic animals the increase in urine 


evidently not due to the ethyl alcohol contained but to some other unknown 
substance. 

Alcohol is generally credited with Aphrodisiac Powers, that is, with 
increasing sexual desire, although no less an authority than Shakespeare 
states that it prevents the consummation of sexual intercourse. The 
unquestionable tendency toward sexual excess observed in intoxication 
is due not to any effects on the generative organs but to the loss of self- 
control from the cerebral action of the poison. 

Alcohol is not a potent An.iseptic, for while the growth of some 
bacteria is delayed somewhat in a 1 to 1,000 solution, many grow 
abundantly in 4 per cent alcohol and some in even stronger solutions 
However, when used in proper concentrations, it is useful as an external 
skin antiseptic and for partial sterilization of instruments. (See Alcohol 
as an Antiseptic, p. 778.) Its disinfectant action has been the subject 
of a number of researches and has been found to vary with the condi- 
tions. It must be emphasized that alcohol is useless as an antiseptic 
unless it is used in a 70 per cent by weight concentration. Solutions 
containing less than this amount possess no bacteriostatic effect, and 
those containing higher concentrations are of little benefit since they 
fix the proteins of the skin before they penetrate and attack bacteria. 

The signs and symptoms of Acute Alcoholic Intoxication are usually 
unmistakable. However, this form of poisoning may be confused with 
acute barbiturate mania and with the dizziness elicited by some of the 
sulfonamides. One should always determine blood, urine, and exhaled 
air levels since failure to note an alcoholic odor of the breath does not 
rule out the possibility of alcoholic poisoning. When very large amounts 
have been ingested, the patient appears to be anesthetized. 

In regard to the Habitual Use of Alcohol by healthy persons, all 
authorities agree that it is a luxury, that it is entirely unnecessary for 
the growth and maintenance of the body, and that it neither promotes 
greater healthfulness nor in any way retards the onset of disease It 
is true that it is utilized by the body as a food, but its value as such is 
limited because only small quantities can be taken without disturbance 
of the nervous system. At the same time, it is difficult to prove that the 
moderate use of alcohol is injurious for when taken after work it seems 
to cause no impairment of the capacity for work the next day and often 
seems to remove the sense of fatigue. In many it undoubtedly promotes 
happiness and allays the worries and anxieties of life. 

The habitual indulgence in alcohol to excess often leads to a chronic 
alcohol habit. The continual user then becomes a drunkard since he 
finds that under alcohol his consciousness of unhappiness is numbed 
and all depressions disappear In this way he loses the sense of degrada- 
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tion and remorse which possesses him when sober. The depression 
i etui ns in exaggerated form after the effects of the drug have passed off, 
but it can be removed again by the same means, and in this way the 
habit is formed, each successive dose being rendered necessary by the 
depression produced by its predecessor. This descent into chronic 
drunkenness is facilitated by the lessening of the self-control, owing to 
the action of alcohol on the brain. The victim may form the best of 
resolutions, but his impaired will power and self-control are unable to 
carry them out. 

The earliest symptoms of Chronic Alcoholism are generally observed 
in the stomach, throat,' and larynx and consist of a chronic catarrh, 
which is often accompanied by skin affections such as injection of the 
cutaneous vessels (especially those of the face), acne, or pustular erup- 
tions. Fatty degeneration occurs in the liver especially and is said to be 
accompanied by a marked decrease in the lecithin and other lipids of 
the cells. Cirrhosis of the liver is not now believed to be the direct 
result, of alcoholism. (C/., p. 261.) Fatty degeneration is also found in 
the arterial walls throughout the body, and the heart has been reported 
to undergo more or less fatty change accompanied by dilatation and 
weakness. Of greater importance, however, are the alterations of the 
central nervous system which lead to impairment of memory, self- 
control, and other higher mental processes. Tremor, convulsive at- 
tacks, hallucinations, and mania not uncommonly follow once the disease 
is well established. A form of amblyopia commencing with atrophy of 
the retinal ganglion cells and later extending to the fibers of the optic 
nerve has recently received some attention; it is much more readily 
elicited by methyl than by ethyl alcohol. The neuritic symptoms 
occurring in chronic alcoholism resemble those seen in beri-beri and are 
due to vitamin Bi deficiency. Such patients may rapidly improve 
when this deficiency is supplied even though their alcohol intake may 
still be continued. 

In any instance, a chronic alcoholic should be looked upon as one 
suffering from a real disease, since like morphine addiction, there is 
little else to be seen than the alcohol habit itself. Finally, chronic 
alcoholics are not necessarily mentally defective— many are brilliant 
and successful individuals during abstinence. 

A characteristic result of chronic alcoholism is Delirium Tremens, an 
acute attack of insanity which is liable to occur after any shock, such as 
hemorrhage or acute disease, but which is said to be also produced by 
the sudden withdrawal of alcohol, especially undiluted spirits, and some- 
times occurs without any apparent immediate cause. It is characterized 
by tremor, perspiration, sleeplessness, fear, excitement, and hallucina- 
tions of the various senses, which differ from many other hallucinations 
of insanity in consisting of the multiple appearance of the same object. 
These objects are often animals, such as snakes, rats, dogs, but the 
hallucinations are not confined to those of sight, for whispering voices 
are complained of not infrequently. Paraldehyde administered rectally 
in doses of 15 to 30 cc. is recommended for the control of fear and mania. 
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The Treatment of Acute Alcoholic Intoxication is to evacuate the 
stomach by means of the stomach tube or by the injection of apomor- 
phine (5 mg.). The patient ought to be put to bed and kept warm 
as there is a tendency to a marked fall in the body temperature. Cold 
may be applied to the head in the form of ice-bags. In cases of extremely 
deep unconsciousness, stimulants, such as caffeine rectally in the form 
of “black coffee” or as an injection of caffeine and sodium benzoate 
(0.5 gram) or strychnine injections (2 to 4 mg.) and ephedrine in 
25 mg. doses may be employed and, as a last resort, artificial respira- 
tion. In extreme cases, the inhalation of a mixture of carbon dioxide, 
10 per cent, and oxygen, 90 per cent, has been recommended. It is 
claimed for this method of treatment that patients receiving it breathe 
more deeply and regularly and that cyanosis disappears. 

Chronic alcoholism is best treated by gradual withdrawal of the poison 
as the immediate stoppage may lead to delirium tremens. Withdrawal 
alone is not enough, however, since environmental and personality 
adjustments must be made and hence the rehabilitation of an alcoholic 
is very important. Best results are often obtained in some retreat or 
hospital, but the patient should not be considered a “mental case” lest 
all treatment go .for nought. Most drugs are useless except where 
sedation is necessary, and chloral hydrate in oral doses of 1 gram and 
paraldehyde, 4 to 8 cc., are indicated. Another method of treatment, 
which appears to be successful in some cases, is the addition of nauseating 
drugs, such as ipecacuanha or apomorphine, to the alcohol which is 
supplied to the patient. The association of nausea with liquor eventually 
becomes so strong that alcohol in any form becomes distasteful. Any 
organic lesions must be treated individually, and symptomatic treat- 
ment at all times is paramount in this condition. The treatment of 
delirium tremens has already been discussed. . 

Therapeutic Uses.— Alcohol is used externally in dilute solution, -5 to 
30 per r- ‘ ” cl'«« In preventing bedsores, 

in whit the epidermis, a concen- 
tration ' ' antiseptic applied to the 

skin, it should be used only as a 70 per cent by weight solution. When 
it is kept from evaporation, it acts as a rubefacient and irritant. Its 
use to wash the skin and hands before operations arises from its power 
of cleansing the skin and removing the oils and fats as v ell as from its 
disinfectant action *'“• treatment of phenol 

burns, but it she. 1 . ' water, elicit does 

more harm than t. . I . avage after phenol 

has been swallowed. Strong alcohol (SO per cent or more) may be 
injected into nerves or ganglia for the relict of neuralgia, sciatica, and 
Similar disorders and leads to degeneration of the ncnc libers and 
paralysis of sensation and motion which lasts until the ncnc fillers arc 
regenerated after several months. The pain disappears until this 
restoration is complete and sometimes permanently. The local ncnc 
destruction arises from the precipitation of proteins and the solution 
of lipids. 
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Its use in intraspinal injection for persistent’ pain in advanced car- 
cinoma is best discussed in appropriate texts on surgery. 

The indications for the internal use of alcohol are ill defined, and 
cases which one physician would treat with alcohol often seem to progress 
as favorably without it in the hands of another. It has been prescribed 
very largely in the past as a “stimulant” under the impression that it 
increases the activity of the circulation, respiration, and other functions 
of the body. The action which lends alcohol its value in therapeutics 
is not its stimulant but its narcotic action, which allays the anxiety 
and distress of the patient, promotes rest and sleep, and thus aids toward 
healing, or at the worst renders illness more tolerable. Small quantities 
of other narcotics might be substituted for alcohol, but perhaps none 
of them excel it in producing that spirit of hopefulness and restful 
confidence which contributes so much to recovery. 

If the patient enjoys the taste of wine, a glassful before dinner often 
improves the appetite and may be especially beneficial in persons 
recovering from a debilitating disease accompanied with marked loss of 
appetite. If a similar patient suffers from insomnia, then a "nightcap” 
of a pleasant tasting alcoholic beverage is preferred to any of the hyp- 
notics, such as chloral or a barbiturate. 

In the treatment of hemorrhage, shock and sudden cardia • arrest, 
alcohol is of little, if any, value. 

In acute fevers, alcohol is of no value unless it is given in lieu of hyp- 
notics since its only effect is to quiet and relax the patient through its 
central depressant action. 

Alcohol should not be prescribed for internal use by the physician 
if he feels that the patient may develop a habit Alcohol is definitely 
contraindicated in renal and hepatic disease, in gastric and duodenal 
ulcer, in ulcerative colitis, and in epilepsy. Since alcohol increases the 
secretion of acid by the stomach, it is sometimes used as a clinical test 
of gastric secretion. For this purpose 50 cc. of a 7 per cent solution are 
administered orally. 

Alcohol is used extensively in medicinal preparations as a vehicle in 
the form of elixirs and tinctures. In addition, fluid extracts contain 
appreciable amounts of alcohol. It is a wise physician who prescribes 
only the minimal amount of alcohol in his prescriptions for patients 
since many alcohol habits have been started by the taking of medicines 
which were highly alcoholic. 

The use of alcohol as a general anesthetic has also been proposed 
(Verkhovskaya). Patients were given morphine preoperatively one- 
half hour before tire alcohol was administered. In the operating room, 
a mixture of one part of 95 per cent alcohol with two parts of 5 per cent 
glucose was administered by intravenous infusion over a period of 
fifteen to twenty minutes. The average dose for complete narcosis was 
found to be 2 to 2.5 cc. of alcohol per kilogram of body weight. As a 
rule, sleep begins after 40 to GO cc. of alcohol have been introduced. 
When deep anesthesia has set in, the vein is flushed with 30 to 40 cc. of 
an isotonic solution of sodium chloride to prevent possible thrcxnbo- 
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S’} 1 ?- ® ,ee ? la ? s fr °m two to five hours, upon awakening the 
P m f lrratlonal and requires special attention, 

..“f’ 1 . JUcol “ >1 - or ™>d alcohol, has assumed importance from a large 

h iln f sfrT f polsonl . n 8 ll e v! "S 0Kamd from its being substituted 
or ethj 1 alcohol as an intoxicant, from its presence in proprietary 

o“ e , dl ?’ ° r ! F om ! ts V se , in industries In animal experiSs, it is 
X? , ?, • en ’- n “ S1 " ele doses ' il is s iifibtiy less poisonous than ethyl 
alcohol, the action coming on somewhat more slowly but fasting a long'er 
me the symptoms of gastric irritation arc generally more marked 
man those induced by ethyl alcohol, and very often some convulsive 
o cments are observed. When the administration is repeated, methvl 
uicoaol is found much more poisonous than ethyl, and this arises from 
s Slower oxidation and consequent prolonged action. Thus it has been 
ynthat when equal amounts of methyl and ethyl alcohol are admin- 
i tered to animals, over one-third of the methyl alcohol can be found in 
ie tissues for forty-eight hours, while of the ethyl alcohol only about 
ne-tenth remains after fifteen hours. About 40 per cent of the methyl 
alcohol IS oxidized in forty-eight hours, while 20 per cent escapes in the 
8 pCr C6nt ,n the ur * ne ' Poil1 * ias P° ,ntcd out that while 
C f i! ? . °1 ut| dergoes complete combustion in the tissues, methyl 

alcohol is slowly oxidized to formic acid, most of which is excreted ’in 
the urine. 


In 'man the symptoms of wood alcohol poisoning differ from those of 
ordinary spirits in the more marked abdominal pain together with 
nausea and vomiting, muscular weakness, and defective cardiac action 
'j *i coma. Delirium may be much more intense and persistent than 
hat seen in intoxication with ethyl alcohol. In a considerable number 
of cases death has followed from a single dose smaller than would June 
een fatal had ethyl alcohol been swallowed, and in some eases total 
and permanent blindness has followed or accompanied recovery. This 
condition is more often the result of repeated ingestion of the alcohol, 
however, and it is due to optic neuritis and subsequent complete optic 
atrophy. The large number of cases of blindness or fatal intoxication 
l\“ ,c h have been reported demonstrate clearly the danger incurred in 
. hsc of this poison internally or even externally or bv inhalation of 
*4 v fT Qr - Optic atrophy has been induced in animals repeatedly by the 
administration of wood alcohol while it is hardly liable to occur from 
eth.vl alcohol. » 

Even though the toxic symptoms of methyl alcohol poisoning are 
often delayed, no very good form of treatment was know n until recently, 
v-hew ct til, have pointed out that the chief effect of meth\ 1 alcohol is a 
Profound alteration in metabolism resulting in aeido^K He and his 
eo-Workcrs have reported excellent results in twenty-six patients fol- 
lowing treatment with sodium lactate intravenously plus 4 grams of 
sodium bicarbonate orally every fifteen minutes for four do'cs, repeating 
me alkali until the plasma carbon dioxide combining pow cr was 40 to CO 
' °n!^ nc ^ P cr oent mid the urine had a pH of 7.S. 

Joe other alcohols are mainly of interest ns impurities of the prepara- 
tions of ethyl alcohol. They all resemble- it in their general effects 
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but differ from it in toxicity; propyl alcohol is more powerful than ethyl, 
butyl than propyl, and amyl than any of them. Amyl alcohol, or fusel 
oil, is present in small quantity in most forms of spirits. It resembles 
ethyl alcohol in general, but is more irritant locally and is believed by 
some authorities to have more deleterious effects in chronic poisoning 
than pure ethyl alcohol. This is not based on any very satisfactory 
evidence, however, and all the characteristic symptoms of chronic 
alcoholism have been produced in animals by pure ethyl alcohol. Fur- 
furol is also present in many forms of spirits but in such small quantities 
that it does not play any role in the symptoms induced by them. 

Preparations 

Alcohol, ethanol, ethyl alcohol, spiritus vini rectifactus (U. S. P.h alcohol 
(95 per cent), (B. P.), (CtH e O). It contains not less than 92.3 per cent by weight 
corresponding to 04.9 per ' * ’ than 95.2 per 

cent by volume and not 1 It is a trans- 

parent, colorless, mobile t 

Alcohol Deiiydratum, dehydrated alcohol (U. S. P., B. P.), containing not 
less than 99 per cent by weight of C,H 4 OH (U. S. P.), and not less than 99 per 
cent by weight of CjH»0 (B. P.). 

Alcohol Dilutum, diluted alcohol (U. S. P.), a mixture of alcohol and water 
containing not less than 41 per cent and not more than 42 per cent by weight 
of C,H*OH. In addition there are also included eight dilute alcohols ranging 
in strength from 90 to 20 per cent alcohol (B. P.). 

Elixir Aromaticum, aromatic elixir (U. S. P.), absolute alcohol content 
about 23 per cent. 

Spiritus Frumenti, whiskey (U. S. P.), an alcoholic liquid obtained by the 
distillation of the fermented mash or wholly or partly malted cereal grains and 
containing not more than 53 per cent by volume of C,H t OH. 

Spiritus MethylatUs Industrials, industrial methylated spirit (B. P.), 
contains 19 volumes of alcohol (95 per cent) with 1 volume of approved wood 
naphtha known as “66 0. P. Industrial Methylated Spirits.'’ 

Spiritus Vini Vitis, brandy (U. S. P.), an alcoholic liquid obtained by the 
distillation of the fermented juice of sound ripe grapes and containing not more 
than 54 per cent by volume of CiH,OH. 

The wines and beers are much weaker preparations of alcohol, the light 
■ ' ■ ’ ■ ’ j * e • cen f; ethyl alcohol, while in 

t. Champagne and the other 
acid, which acts as a stimu- 

i. , _ r -1_„1,a1 

of 

flu ., ‘ 

probably no action save as bitter stomachics. The alcohol of beer is compar- 
atively slowly absorbed, owing to the colloid constituents. When beers and 
porter do not derange the digestion, they are the most nutritive of all the alco- 
holic preparations owing to the large amount of carbohydrates they contain. 
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1. Ether and Chloroform 

The term general an esthetics is employed to indicate substances used to 
produce unconsciousness sufficiently complete to allow of surgical opera- 
tions being performed. In the history 7 of medicine, there are repeated 
obscure allusions to substances used for this purpose, but it was not 
until the end of the first half of the nineteenth century that the era of 
surgical anesthesia really opened. In 1799, Davy advised the use of 
nitrous oxide ns an anesthetic, but no practical use was made of his 
suggestion, ami Wells may be said to have rediscovered this property 

of* 1 104 4 *‘ 1 ‘- *- — 

wi 

SUI 

Tlie honor of demonstrating publicly the practical use of ether in surgery 
must be awarded to Morton (181G). Credit must also be given to 
.In eh son since Morton consulted him about ether before he used it 
publicly. In 1817, Simpson introduced chloroform to the medical 
profession as a substitute for ether, over which he supposed it to possess 
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several advantages. Its pharmacological action had been examined 
some months earlier by Flourens, but Simpson appears to have made 
his investigations quite independently. Chloroform soon ousted ether 
in popular favor in Europe, but in America a considerable number of 
surgeons continued to use ether. The increasing number of accidents in 
chloroform anesthesia caused a reaction to set in in favor of ether which 
is now far more extensively used than chloroform throughout the world. 

These anesthetics are invariably given by inhalation and not by 
the stomach as it is found that the exact depth of the narcosis can be 
much more easily controlled by the former method. Both the absorption 
and excretion of these drugs occur almost entirely by the lungs, according 
to the ordinary physical laws of the absorption of gases by fluids. The 
more concentrated the vapor of chloroform in the lungs, the greater 
is the quantity absorbed into the blood and the deeper the narcosis. 
By regulating the proportion of the vapors in the air inhaled, therefore, 
an anesthesia of any desired depth may be induced. The degree of 
narcosis and of danger is not indicated so much by the actual amount 
of the anesthetic which has been used as by the concentration of the 
vapors which have been inhaled and the consequent concentration in 
the blood. 

Symptoms. 1 — Tlic action of ether and chloroform may be divided into 
four stages: (1) that of imperfect consciousness and analgesia; (2) that of 
excitement and delirium; (3) that of complete unconsciousness or surgical 
anesthesia; (4) that of overdosage and medullary paralysis. (See 
table on p. 271.) 

The first effect of their application is a feeling of asphyxia, which is 
especially marked in the case of ether, and of warmth of the face and 
head and eventually of the whole body. The senses become less acute, 
the patient seeming to see only through a veil of mist, and the voices 
of those in the immediate neighborhood appearing to come from a 
distance. Ringing, hissing, and roaring in the ears and a feeling of 
stiffness and of inability to move the limbs herald the approach of 
unconsciousness. With the exception of the first feeling of suffocation, 
the sensations are generally pleasant. During this stage the face is 
generally flushed, the pupils enlarged, the pulse is somewhat accelerated, 
and the blood-pressure is elevated. The respiration may be rendered 

1 The poet, Henley, has given the following description of his sensations under chloro- 
form in Lister’s wards in the Royal Infirmary, Edinburgh: 

Then they bid you close your eyelids. 

And they mask you with a napkin. 

And the anesthetic reaches 
Hot and subtle through your being 

And you gasp and reel and shudder Then the lights grow fast and furious. 

In a rushing, swaying rapture, And you hear a noise of waters. 

While the voices at your elbow And you wrestle, blind and dizzy. 

Fade — receding— fainter — farther In an agony of effort. 

Till a sudden lull accepts you, 

And you sound an utter darkness— 

And awaken . . with a struggle 

On a hushed, attentive audience. 


) 


GENERAL ANESTHETICS 


271 


irregular by the sense of suffocation or may be slightly quickened. 
Even at this early stage sensation is blunted. 


CHIEF SIGNS OF ANESTHESIA 
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Sl^rs cf aredhesia vary depending upon the agent used and opinions on aUdefsJs 
•re net In react agreenent As detailed above, they represent the usually accepted 
phenomena seen in general anesthesia 


The second stage varies extremely in different individuals. In some 
cases especially in children, it is entirely absent, and in others its pres- 
ence may be indicated merely by tremor, by the stretching of the limbs, 
or bv irregularities in the respiration, but in the majority of cases of 
anesthesia it is much more marked. It often begins by movements 
of the arms, designed cither to push away the inhalation mask^ or to 
enable the patient to rise; soon his other muscles arc involved in the 
movement; he struggles, shouts, sings, groans, or bursts into laughter. 
The movements are generally not uncoordinated, but are evidently the 
result of some dream-tike condition of the consciousness, and those 
dreams are often connected with the operation or with the surroundings 
of the patient before the inhalation began. They are, of course, do 
termined largely by his natural mode of thought— one person prays 
aloud and sings hymns; another abuses the surgeon, the hospital, and 
all Ins recent surroundings, while yet another is overcome with fear of 
impending death and laments his unfortunate position. In this stage, 
the puke is generally quickened, the blood-pressure is still elevated, 
the skin is flushed and often cyanotic, the respiration is extremely 
irregular from the struggling, and the pupil continues somewhat dilated. 
Vomiting may occur during this stage and is due more often to ether 
than to chloroform because of the former's more irritant local action 
If the anesthetic be pushed, however, the movements soon become less 
powerful,* the muscles relax and the stage of anesthesia sets in. 
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While the third stage is divided into four planes in order that the 
anesthetist can more accurately gauge the depth of anesthesia required, 
for different operations, a general overall summary may he made. 
The face assumes a calm, death-like appearance from the relaxation of 
the muscles, the pupils contract somewhat and may not react to light. 
Most reflexes disappear, one of the last to go being the closure of the 
eyelids on touching the cornea. The pulse and blood-pressure return 
to normal until plane three is reached and the same is true for respira- 
tions. The face is pale in chloroform anesthesia but may be suffused 
and cyanotic after ether. Plane two of this stage of anesthesia may be 
maintained for hours without much change, although the pulse tends to 
become weaker and the respiration shallower unless the greatest care 
be exercised, and the body temperature invariably sinks. 

, First plane anesthesia is marked by full, regular respiration, moder- 
ately contracted pupils, abolition of the eyelid reflex, and a ruddy color 
of the face. As mentioned, the pulse and blood-pressure are normal. 

In the second plane, ocular movements are lost and the eyeball becomes 
fixed. Respiration, pulse, blood-pressure, and pupillary size remain 
essentially as in plane one. Muscular relaxation is, however, now 
complete. 

Marked reduction in' intercostal respiratory movements denotes the 
beginning of third plane anesthesia. The pupil begins to dilate and all 
reflexes are lost. The pulse is quickened but weaker, and the blood-pres- 
sure is temporarily elevated. 

The onset of plane four is marked by a progressing decrease in dia- 
phragmatic breathing and respiratory movements are very weak and 
shallow. The pulse is fast and thready, the blood-pressure begins to 
fall abruptly, and the pupils are more widely dilated. If the anesthetic 
is continued, respiration ceases and the pulse becomes almost imper- 
ceptible. 

In the fourth stage, the pulse is entirely absent, all breathing has 
ceased, the pupil is widely dilated, and the patient is in a condition of 
profound shock. If death occurs, the heart completely ceases before 
the respiration. 

When the administration of the anesthetic is stopped, the patient 
passes again through the excitement stage, which, however, is not 
generally as violent although it may be more prolonged, and then often 
sinks into sleep which lasts several hours. Not infrequently, however, 
instead of sleep, nausea, giddiness, and vomiting continue for some time 
after the return of consciousness. 

The use of these drugs and the indications of danger in anesthesia are 
so important that a more detailed account of the alterations observed 
during their use in the human subject will be discussed in some detail. 

Action.— The action of ether and chloroform on the Central Nervous 
System is similar to that of alcohol although the phenomena habitually 
elicited in the use of the former are very rarely produced by the latter. 
In all three intoxications, however, there may be observed the stages of 
lessened consciousness, or excitement, and of total unconsciousness. 
Alcohol was formerly ‘administered in very large quantities to allow of 
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surgical procedures, and its use as a general anesthetic has recently been 
reported. (See Alcohol, p. 266.) Furthermore, ether is also infrequently 
used as an intoxicant. 

These anesthetics produce the same progressive paralysis of the central 
nervous system as alcohol, commencing with the highest cerebral func- 
tions, those of self-control, and passing downward through the lower 
intracranial divisions. The spinal cord is affected before the medullary 
centers, which arc the last part of the central nervous system to become 
paralyzed. As in the case of alcohol, it is believed that the excitement 
of anesthesia is due to the suppression of self-control, and the wild 
movements are the result of depression with concurrent release of inhibi- 
tions. The depression of the motor areas has been shown experimentally 
in the case of chloroform and ether; a much stronger electric stimulus 
being necessary to produce movement of a limb after these drugs than 
before them. During the excitement stage, hyperactivity is not a sign 
of stimulation since the subject is usually unaware of his actions and 
speech. The electrical current of action disappears in surgical anesthesia 
and with it the conduction of nerve impulses from nerve cell to nerve 
cell (Forbes). 

The anesthesia is not produced with equal rapidity throughout the 
body; the back and the extremities first becoming insensible, then the 
genital organs and rectum, and last of all the parts supplied by the 
N. trigeminus. The reflexes of the spinal cord are depressed by small 
quantities of ether or chloroform and arc finally paralyzed completely; 
sometimes ether increases the reflexes for a short period. The character 
of the reflex is changed, for stimulation of an afferent nerve which 
normally causes a reflex contraction may under chloroform be followed 
by inhibition. A similar reversal has been described in the medulla 
oblongata. * 

Both of the anesthetics affect the sensory functions before the motor 
as is shown by movements occurring long after all sensation has dis- 
appeared. Later, however, the motor cells or their synapses are also 
paralyzed as is shown by stimulation of the cord having no cfTect even 
when the respiration is still active. 

Electrical stimulation of the cerebral motor areas produces movement 
for some time after sensation has been lost, but as the anesthesia becomes 
deeper, their irritability disappears. Finally, the medullary centers are 
also paralyzed by the anesthetic. The medullary centers are liable to 
be affected by reflex stimulation up to the moment at which they cease 
to send out impulses for the respiratory center responds to stimulation 
of the superior laryngeal nerve as long as the respiration continues. 

It is possible that the motor cells arc not directly paralyzed by the drug 
but can only send out impulses received from the sensor}' cells, ami the 
paralysis of these is the cause of the asphyxia. 

Shortly stated, the direct action of chloroform and ether on the central 
nervous system is a descending depression and paralysis which affects 
the medullar}* centers last of all and which involves the synapse on the 
sensory and receptive tracts sooner than the motor neurons. 

The* action of chloroform and ether on the Respiration is partly direct 
18 
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and partly indirect. In the first stage, the respiratory movements may 
be slowed or stopped temporarily by a reflex action set up by the irrita- 
tion of the terminations of the fifth cranial nerve in the nose and throat 
and of the vagus in the larynx and bronchi, but this interruption is only 
of short duration and may be induced by any irritant applied to the 
respiratory passages (Fig. 13). 






'■tfi,- y, 


Flo. 13.— Tracings of Ihe mpiration (upper) and blood-pressure (lower) of a rabbit at 
the beginning of ether inhalation, winch is indicated by the arrow The respiration, imme- 
diately becomes very shallow, and then after a pause becomes slow and deep (reflex inhibi- 
tion). The blood-pressure rises and the pulse is slowed by reflexes acting on the vaso- 
motor and vagus renters The normal condition is restored at once when the ether is 
removed from the nose at A. 


Aside from the reflex stoppage of the respiration mentioned above, two typs 


which is richly supplied noth blood, receives an undue concentration of ether 
which may cause cessation of breathing. The rest of the body, including the 
great bulk of the blood, has received no such concentration, and the cessation 
of the respiration having stopped further absorption for the time being, the 
ether in the arterial blood fails rapidly, relieving the brain of its excess, and 
breathing soon reestablishes itself spontaneously. The second type of apnea 
is more serious as it occurs later in anesthesia when the body as a whole has 
absorbed a considerab*' * ~ e " tl "“ At% ether concen- 
tration in the brain c£ s ,n nrst 

instance because the l ’ J an d it 

be necessary to carry ? h oxygen w 

the blood and to aid ir 

During the second stage, the respiration is rendered irregular by the 
convulsive struggling, which produces alternately periods of asphyxia 
and deep gasping movements. Whether or not the respirator}' center is 
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rendered more irritable by low concentrations of the anesthetics, it is 
true that ether refledy stimulates respiration in the second stage because 
of its local irritating action on the mucous membranes of the respiratory 
passages. During planes one and two of the third stage, the respiration 
is regular though slightly slowed, and no reflex disturbance occurs, 
because the sensibility is so dulled that the continued irritation of the 
nerve ends causes no reflex response. As anesthesia progresses into 
plane three, intercostal breathing definitely decreases, and in plane four 
it entirely ceases, indicating a progressive paralysis of the intercostal 
muscles. In the fourth stage, abdominal as well as thoracic breathing 
ceases due to paralysis of the center— the heart continuing to beat 
feebly for a short time. In addition to its direct action on the center, 
chloroform may affect respiration in deep anesthesia by inducing anemia 
of the medulla through its effects on the circulation. 

Since ether is very irritant locally, coughing and choking are not 
uncommon occurrences in the first stage. The increased mucus forma- 
tion may hinder respiration and oftentimes must be removed. Further- 
more, respiration may be stertorous or snoring in type since in the stage 
of surgical anesthesia, the tongue tends to fall back and partially obstruct 
breathing. 

Chloroform also causes local irritation of the respiratory passages, but 
to a less extent than ether since it is required in more dilute concentra- 
tions. Both of these agents decrease the activity of the cilia in the 
trachea and bronchi (Ernst). 

The effects of the anesthetics on the Circulation are extremely com- 
plicated because the heart varies in its reaction in different cases and 
under different anesthetics, and in addition the changes in the respira- 
tion and the stage of excitement add to the difficulty of the subject. 
The changes observed in the pulse in man have already been tabulated 
(p. 271). It should he stated that changes in pulse rate in the first and 
second stages are largely reflex in nature ns a result of excitement. 
Later effects are due to vasomotor center depression (Sec p. 273.) The 
blood-pressure in man has been found to be somewhat reduced by 
chloroform e\ cn in the earlier stages, and in deep anesthesia the fall 
may be very marked. Under ether, the pressure rises slightly in the 
first and second stages, partly from the reflexes arising from the local 
irritation and partly from the muscular movement. During complete 
anesthesia in plane three from ether, it falls to slightly above the normal 
or a few millimeters below it, but reaches n point indicating grave circu- 
latory disturbance only in plane four or more especially in the fourth 
stage. 

In Animate, the first chance in the Mood-pressure is often a result of the 
slowing or even standstill of the heart from the irritation of the air passaers 
stimuS.it me the mlubitory center reflctly The blood-pre'suro may thus fall 
abruptly, but m other instances the inhibition of the heart ma\ lie cornpenFAt«i 
In \a<ocon strict ion from reflex stimulation of the vasomotor center so that the 
blood-pre^ir-e nun ri«c v. bile the heart is slotted (Fig 14) Inter, t he bhwd- 
pressure falls shell th in chloroform anesthesia, hut strong \ npor causes a marked 
and dangerous fall The heart sunrises after the respiration fails in mo«t eipcri- 
ment'i, but the Mood -pressure ts very distinctly lower at this time (Fig 14) 
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Under ether, the blood-pressure often is slightly lower, but it remains much 
higher than under chloroform when the respiration fails (Fig. 15). The cause 
of the fall in blood-pressure under chloroform has been much disputed but is 
now generally ascribed to the action on the heart. Ether, being less poisonous 
to the heart, has a correspondingly slight action on the blood-pressure. 
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Fio. 14. — The respiration (lower tracing) and blood-pressuro (upper tracing) in chloro- 
form anesthesia in a cat. At C strong vapor was inhaled and a rapid fall in the blood- 
pressuro began. The respiration ceased, the heart continuing to beat for some tim*. 
(Contrast with Fig. 16 .) 



Fig. 15. — Respiration (lower tracing) and blood-pressure (upper tracing) of a cat under 
ether. At E strong vapor was inhaled and soon afterward the respiration ceased, while 
the blood-pressure remained high for some time afterwards. (Contrast blood-pressure m 
Fig. 14.) 


Heart.— The frog’s heart under chloroform or ether beats more slowly 
and more weakly and at the same time undergoes a certain amount of 
dilatation, all owing to the paralyzing effects of these drugs on the cardiac 
muscle. 
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The effects on the mammalian heart under chloroform are very similar, 
but the anoxia of a falling blood-pressure is a contributory factor. The 
slowing is not so marked, however, as the weakness and the dilatation so 
that the rhythm of the pulse does not indicate the extent to which the 
heart is affected. The auricles are weakened by smaller quantities than 
are the ventricles, but the latter relax more completely in diastole 
(Fig. 16), The diminution in the strength of the auricles progresses 
rapidly while the ventricular dilatation soon reaches a maximum and is 
accompanied by lessened force of contraction. The auricular weakness 
soon becomes so great that practically no blood is expelled by its systole, 
and the slowing of the heart, which has not been - p to 

this point, becomes distinct. The ven*«~ * • * ome 




Flo. 15 — Effect of chloroform on circulation of a dog. Upper tracing, auricle Middle 
tracing, blood-pressure. Lower tracing, ventricle Levers moi e down m si's to! c. Note 
increased dilatation and weakened systole in both cardiac chambers with fall in blood - 
pressure. Blow recovery after removal of chloroform Artificial respiration 

extremely weak and occasionally fail entirely, and soon afterward the 
heart comes to a standstill in diastole. In its weakened state, the heart 
can be inhibited more easily than usual, and vagus stimulation may 
arrest it finally, the contractions not returning after the stimulation 
ceases (Emhlcy). 

When ether is inhaled in high concentrations, the changes in the 
heart resemble those under chloroform, but it is difficult to elicit the 
extreme weakness and the standstill unless asphyxia is present also. 

The relative toxicity of chloroform and ether on the heart has been 
examined by perfusing solutions of them in Hingcr’s solution through 
the coronary vessels; 0.001 per cent of chloroform has a distinctly 
deleterious action and 0.015 was sufficient to arrest it while 0.4 per cent 
of ether was required to stop the heart perfused in the same way. This 
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indicates that chloroform is twenty-five to thirty times as poisonous to 
the mammalian heart as ether; the same proportion has been found in 
cold-blooded animals and in mammalian hearts perfused with blood. 
The chloroform contained in the blood during anesthesia is sufficient 
to injure the heart while when ether is inhaled in a concentration leading 
to arrest of the respiration, it does not damage the heart muscle. 

It should be remembered, however, that even during the fourth stage, 
arrest of respiration always precedes complete cessation of cardiac con- 
traction. Ventricular fibrillation will be considered under the heading 
Syncope. (See below.) 

Vessels.— The vasomotor center is depressed 
by chloroform, and this leads to a peripheral 
vasodilatation. The splanchnic vessels are es- 
pecially affected and part of the dilatation is 
due to a direct depressant effect on the mus- 
culature of the vessel walls. The direct action 
on the vessel walls may be of greater import- 
ance than that on the innervating centers. 
When chloroform circulates in the vessels in 
the concentrations used in anesthesia, it tends 
to relax them from a depressing effect on the 
muscle fibers, and dilatation from this cause 
may precede vessel widening due to depression 
of the innervating center. The low blood-pres- 
sure, however, under chloroform is inainlv 
due to the action on the heart— in less 
degree to the dilatation of the vessels in the 
abdomen. 

Ether dilates the peripheral vessels like 
chloroform but to a less degree when it is 
perfused through them, and if it is inhaled 
Fio. 17.— Tracing of tlio j n abundance of air, this dilatation occurs in 
blood-pressure (lower) and ,, . . , , t 11 ■ 

Of the respiration (upper) of the living animal and may cause a fall in 
a cat under chloroform, fail- blood-pressure. This is usually absent, how- 

"br.Siuort'Z.edm"!?^ ever - b , c ? use . the direct vascuIar “f. 0 ? 

violent struggling. The hiood- opposed by the vasomotor center wincn is 
pressure falls rapidly, while excited by an insufficient air supply for in 
?"d ether anesthesia there is very often present 
then ceases. (Levy.) a partial asphyxia induced by the close ap- 

proximation of the inhaler to the mouth and 
nose. Late in stage three and in stage four, the vasomotor center is 
depressed, causing vasodilatation. 

Syncope in Anesthesia. —In some experimental animals, the reaction 
of the circulation to chloroform is very different from the gradual 
depression already described. In these, the heart suddenly becomes 
irregular or ceases to beat abruptly, the blood-pressure falls to zero, 
reflexes disappear, the pupils dilate, and after a few gasping respirations, 
all movements cease (Fig. 17) . This sudden heart failure often occurs in 
the early stages of anesthesia or when the inhalation is irregular or has 
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been suspended. Unfortunately, such an effect may occur in the human 
under similar circumstances and may likewise be seen if surgical pro- 
cedures are attempted before full anesthesia is reached. Early workers 
in this field claimed that such a response was vagal in origin, but Levy 
has shown that cardiac syncope during the induction period (usually 
the second stage) is a result of ventricular fibrillation. It is often, but 
not necessarily, preceded by a series of irregularities, such a3 extra' 
systoles and tachycardia. It indicates a condition of abnormal sensitiza- 
tion of the heart to chloroform so that the cardiac muscle becomes 
markedly susceptible to stimuli producing fibrillation. This form of 
cardiac failure is very often final, but in a small proportion of cases the 
heart resumes its normal contractions and the patient recovers. In- 
hibitory nerves may be involved in this form of heart failure, but it is 
very doubtful since neither vagotomy nor atropinization will correct the 
condition. Deep anesthesia is the best preventative for chloroform 
fibrillation, and this can only be accomplished by reducing the second 
stage as much as is practical. Fibrillation is especially liable to occur 
from sensory nerve stimulation during light anesthesia. Since fear and 
excitement increase the secretion of epinephrine in the early stages, 
this substance is recognized as increasing the likelihood of fibrillation, 
and such a relationship has been shown experimentally to be true. In 
other words, light chloroform anesthesia acts to reduce the refractory 
phase of the ventricle, thus making it more irritable so that it responds 
to minimal amounts of epinephrine. 

Ether does not seem to have any such action on the heart, and fibrilla- 
tion of the ventricle has not been observed under it. In fact, sudden 
circulatory failure under ether is a very rare occurrence, compared with 
chloroform. Henderson suggests that these rare fatalities under ether 
may be the result of a great reduction of the carbonic acid of the blood 
(acapnia), from excessive breathing during the excitement stage or 
during imperfect anesthesia. 

Chloroform and ether hemolyzc the Red Corpuscles and free the hemo- 
globin when they are shaken with defibrinated blood outside the body, 
‘but such an effect has little practical importance in actual anesthesia. 
Ether docs appear to reduce the hemoglobin content after long periods 
of anesthesia, and no patient with a hemoglobin of less than GO per cent 
should receive ether. Both ether and chloroform cause an increase in 
polymorphonuclear leucocytes during anesthesia, but the cause is not 
known, In be blood, chloroform is carried by the ml cells for the most 
part, less than 10 per cent being free in the plasma. It appears to form 
a loose combination or solution in the cholesterol and lecithin of the 
corpuscles. Ether is said to be more equally distributed between the 
corpuscles and plasma. 

According to McCollum, the corpuscles contain about 6."» jier cent of the 
chloroform in the Wood —at the end of a two-hour period of anesthesia the cells 
containing 37 mg and the plasma 21 me chloroform jx*r 100 crams He showed 
aim that the brain and the other tissues store up the narcotic as the anesthc*« 
continues so that m an hour of surgtni anesthesia the chloroform content of 
both brain and Wood is almost doubled. 
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The amount of chloroform in the blood during the stage of anesthesia 
is about 25 to 35 mg. per 100 cc. When the respiration fails, the blood 
is found to contain 40 to 70 mg. per 100 cc. (Buckmaster and Gardner). 
During the induction of anesthesia, the arterial blood contains more than 
the venous,' part of the chloroform being taken up by the tissues as it 
passes through the capillaries. On the other hand, as the anesthesia 
passes off, the venous blood contains more than the arterial, the anes- 
thetic taken up from the tissues in the capillaries being eliminated by 
the lungs. Haggard states that in light anesthesia from ether the blood 
contains about 100 to 110 mg. per 100 cc., in deep anesthesia 130 to 140 
mg., while 160 to 170 mg. per 100 cc. proves fatal from failure of the 
respiration. In addition, the relative strength of ether and chloroform 
is shown by a comparison of the vapor concentration of each in a hundred 
volumes of air required to induce various effects : 

Chloroform Ether 

0 5-0 7 1 5-2 5 Insufficient to cause anesthesia. 

1 0 3-3 5 Causes anesthesia on prolonged inhalation. 

2 0 6 0 Arrests respiration after ten to fifteen minutes. 

The margin of safety in anesthesia is thus narrower than is generally 
recognized, for the concentration in the blood necessary for anesthesia is 
about half that which is fatal. 

Certain Chemical Changes in the blood occur during anesthesia, but , 
they are of little consequence. They may be listed as a decrease in COj 
combining power, an increase in glucose content, an increase in urea and 
ammonia components, and a decrease in neutral lipoid constituents. . , 

The behavior of the Pupil is of importance in anesthesia, but this 
sign is modified greatly by the type of preanesthetic medication em- 
ployed. The combination of 15 mg. (£ grain) of morphine, 0.4 mg. 
(1/150 grain) of atropine or scopolamine, and 0.09 grams (1? grain) of a 
barbiturate usually affect the pupil so that it tends to moderately con- 
strict. Hence it reacts similarly as shown in the table on page 271. 
During the first and second stages, it is generally somewhat dilated 
due to the excitement which induces increased sympathetic activity- 
even though preanesthetic drugs have been administered. During the ' 
recovery stage, it is also usually dilated due to reflex excitement. As 
soon as complete unconsciousness is attained, it becomes rather narrower 
than it is normally, not only because of preanesthetic medication but 
because sympathetic tonus is decreased. In the latter half of plane 
three, dilatation occurs again and becomes marked in plane four and in 
the stage of medullary paralysis. Such an effect is explained on the 
basis of relaxation of the constrictor muscles plus the depressant effect 
of increased carbon dioxide. As the patient recovers, the slight dilata- 
tion slowly recurs; if the respiration and circulation be dangerously 
weak, rapid dilatation occurs in most cases. Dilatation of the pupil in 
the stage of anesthesia, therefore, indicates danger unless it is accom- 
panied by symptoms of returning consciousness, such as reflex move- 
ments and vomiting. 

The local effect of the anesthetics on the Alimentary Canal are chiefly 
confined to irritation with resultant reflexes although other actions do 
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occur. The vomiting which is so often a feature of anesthesia may arise 
in part from the irritating action on the stomach of the chloroform or 
ether swallowed in the mucus but is mainly of central origin, for vomiting 
also occurs when ether is injected intravenously in man and also under 
nitrous oxide anesthesia in some cases; here the local irritation can only 
play a small part, and the medullary center is probably involved directly, 
perhaps in the same way as occurs in shock and collapse. In the early 
stage, vomiting sometimes occurs from the odor and taste of the anes- 
thetic, more'especially in people who have been anesthetized previously 
and have unpleasant associations with the odor 

The ordinary movements of the stomach and intestine have generally 
been supposed not to be influenced by the anesthetics, but Miller has 
shown that in dogs both ether and chloroform administrations are fol- 
lowed by marked relaxation of stomach, small intestine, and colon. 
Sleeth and Van Liere found that chloroform delays the emptying time 
of the stomach by 60 per cent, ether by 40 .per cent, nitrous oxide and 
ethylene by 15 per cent, cyclopropane and divinyl ether by 7 per cent. 
The diminution in the movements of the various parts of the alimentary 
canal makes its appearance immediately following the irregularities, 
occurring in the excitement stage and may be produced, in part at least, 
by temporary asphyxia due to the struggling. During the stage of 
surgical anesthesia, there is complete inhibition of the smaiier contrac- 
tions of the muscular structures, or peristalsis, and also loss of muscular 
tone, and this effect is due to sympathetic stimulation. As recovery 
from anesthesia follows, there is a gradual return to the normal condi- 
tions although complete recovery may not take place for some hours. 
The stomach frequently remains somewhat depressed for hours while 
the small intestine may be abnormally active, and the colon shows a 
high degree of tonicity. 

These alterations in the activity of the alimentary canal are pro- 
duced by the action of the anesthetics upon the canal itself, the central 
nervous system apparently not being involved. It is quite probable 
that the changes described are responsible for some of the unpleasant 
postoperative symptoms sometimes encountered. The relaxation of the 
stomach will Favor gastric dilatation and vomiting, the exaggerated 
intestinal peristalsis may be responsible for the "gas pains" and the 
spastic condition of the colon will favor accumulation of gas and fluid 
above the point of contraction. 

The Kidney appears to he affected in a certain proportion of cases of 
anesthesia in man as is shown by the appearance of albumin jn the 
urine. Chloroform induces typical fatty degeneration occasionally 
while albuminuria has been observed in a certain proportion of cases 
after ether. The proportion of cases in which this organ is affected 
seems to van’ extraordinarily. However, chloroform is considercd morc 
deleterious to the kidney than is ether. Both agents cause albuminuria 
of as much as 5 to 40 per cent, and phosphates arc always markedly 
increased. The secretion of urine is generally diminished during anes- 
thesia with chloroform or ether due to the reduced blood-pressure and 
imperfect aeration of the blood. MacXider finds that in the dog the 
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damage to the kidney from the anesthetics is much greater in old animals 
than in young ones and brings this into relation with the amount of 
stainable lipid in the renal cells. After recovery from ether anesthesia 
some diuresis may occur, or the urine may remain scanty for some hours. 

The Uterine Contractions during parturition seem little influenced by 
moderate anesthesia but arc somewhat slowed in the deeper stages. 
Chloroform and ether pass into the fetal blood, and some experiments 
are recorded in which the fetus was killed by the inhalation while the 
mother recovered. This may be caused either by the direct action of 
the drug on the young animal or by the low maternal blood-pressure 
leading to its asphyxia. It does not seem dangerous to induce a moder- 
ate degree of anesthesia during labor in human beings (the analgesic 
stage only is required unless special procedures are necessary) although 
here, too, the effects on the child are shown by an increase in the nitrogen 
excretion in the urine for some days. 

The Temperature falls during anesthesia of even short duration. Dur- 
ing forty-five minutes of complete anesthesia with chloroform, it may be 
reduced as much as 1.5 to 2° C. This action is due partly to the greater 
output of heat through the dilated skin vessels but mainly to the lessened 
heat production from the diminished muscular movement and to a 
depression of the heat regulating center. The production of COj also 
falls and doubtless the oxygen absorption. This is not evidence of 
direct action on the tissues but is one of the consequences of the central 
nervous depression. 

Much has been written regarding the effects of the anesthetics on the 
Metabolism of the Tissues. It is now generally recognized that chloro- 
form, in addition to its action on the central nervous system, produces 
marked changes in the nutritive processes of protoplasm. The simpler 
organisms, which are devoid of nervous structure, are killed in compara- 
- tively dilute solutions, and chloroform water, therefore, retards putre- 
faction, the fermentation of yeasts, and the movements of cilia. In the 
higher animals and in man, the processes of life and nutrition of the 
different organs also undergo alteration, quite apart from the effects 
on the nervous system. Thus fatty infiltration of various organs is 
produced by chloroform administered repeatedly and even by a single 
inhalation in some cases. The organs especially implicated in this 
change are the liver, heart, and kidneys, but degeneration of ordinary 
muscle has also been observed occasionally. Experimentally, such an 
effect is enhanced if a high fat diet is given simultaneously. (See 
Hepatotoxic Effect, p. 261.) . 

Further evidence that, even in ordinary anesthesia, the damage to 
the liver from chloroform used as an anesthetic is by no means negligible 
is shown by the experiments of Rosenthal and Bourne. These workers 
found that normal dogs excrete in the bile within fifteen minutes at 
least 85 per cent bromsulphthalein which has been given intravenously. 
On the other hand, if the liver has been damaged, the removal of the 
dye is greatly delayed. When the animal was subjected to chloroform 
for even half an hour, dye retention lasted for eight days, and wlien 
chloroform was given for two hours, dye retention lasted fornix weeks. 
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With ether, however, while there is some evidence of damage as is shown 
by a slight delay in the excretion of the dye, the damage is evidently 
quickly repaired as excretion is normal on the second day. Ravdin and 
his co-workers have found that 35 per cent of the glycogen is lost fropi 
the liver 'during two hours’ anesthesia with chloroform and 94 per cent 
during the twenty-four hours following anesthesia. As the liver glyco- 
gen decreases, the fatty acid concentration in the liver increases, effects 
due to an action on the liver parenchyma. 

The effects of chloroform on the nutrition of the tissues are shown in 
the urine secreted during and after anesthesia. The nitrogen eliminated 
is constantly increased, and the unoxidized sulfur shows a similar aug- 
mentation, and these would seem to indicate an increased protein 
destruction and a disturbance of the oxidation in the tissues. 

The carbohydrate metabolism is also impaired for acetone and sugar 
are often present in the urine after chloroform, and it has long been 
known that diabetes is liable to be aggravated by this anesthetic and 
may prove fatal. The sugar of the blood is increased, and the glycogen 


administration. The chlorides and the acidity of the urine are also 
augmented. 

These effects of chloroform on the metabolism resemble very closely 
those of phosphorus poisoning. They seem to occur pnly after those 
substances of the aliphatic series in which chlorine is substituted, ether 
having little or no effect in producing fatty degeneration or in changing 
the proportion of the sulfur compounds in the urine An excess of 
sugar is found in the blood after ether anesthesia in dogs and leads 
to glycosuria. It was suggested that this might arise from excessive 
activity of the suprarenal bodies during the excitement or during partial 
asphyxia and not from any direct action of the ether on the metabolism, 
but this is not correct as the condition is also found in animals from 
which the suprarenal glands have been removed. In light anesthesia 
from ether, the available alkali of the blood is slightly reduced, and the 
hydrogen-ion concentration rises, and this becomes more marked as the 
anesthesia becomes deeper. This condition of acidosis is probably 
largely due to the production of lactic acid which seems to come from 
the muscles. 

The Excretion of both ether and chloroform takes place mainly by 
the lungs. Most of the anesthetic is eliminated very rapidly (blood 
levels being reduced 50 per cent, five to seven minutes after the anesthetic 
is removed), but traces of chloroform are said to be found in the breath 
for twenty-four hours after the inhalation and even longer in cases in 
which there is a tenacious mucous secretion in the bronchi. _ With ether, 
however, none is detectable after four hours. Small quantities of chloro- 
form escape by other channels for it has been found in the urine and 
is said to occur in the perspiration and the milk. Ether is eliminated 
almost exclusively by the lungs as approximately 90 per cent of the 
amount absorbed has been recovered from the expired air after cessation 
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of the administration. Small amounts are excreted in the urine where 
the ether concentration approximates that in the arterial blood. This 
is due to the fact that, like the brain, the kidney blood supply is abun- 
dant, and there is little difference in the ether concentration between 
the arterial and venous blood in this organ. Nevertheless, the' amount 
of ether so eliminated in the urine is slight due to the small amount of 
urine excreted during anesthesia. Small amounts of ether are also 
eliminated in the sweat and also by the serous surfaces as is shown by the 
fact that air enclosed in the abdomen during anesthesia rapidly assumes 
a partial pressure of ether equal to that of the alveolar air. The rate 
of excretion of both agents can be markedly increased by administration 
of carbon dioxide, a procedure useful in anesthetic practice. 

Comparison of Ether and Chloroform.— The depressant effect of chloro- 
form on the brain is thus 3 to 3| times as great as that of ether, and its 
power to arrest respiration is about 3 times as great. The .depressant 
action on the heart of chloroform is about 25 to 30 times that of ether, 
and the extremely dangerous cardiac syncope which may be seen under 
chloroform is unknown under ether. Ether has to be given in more 
concentrated form to produce anesthesia and therefore produces more 
irritation of the air passages as shown by the greater secretion of saliva 
and mucus, by coughing, and by the sensation of asphyxia. Anesthesia 
is produced with greater difficulty and more slowly than with chloroform, 
and the stage of excitement is generally more violent and prolonged. 
But the pulse is not nearly so much affected as by chloroform; it may 
be somewhat slower than usual but is full and strong. The concentra- 
tion of chloroform which is necessary to produce anesthesia, is very close 
to the concentration which causes serious impairment of the heart's 
action while, on the other hand, 3| per cent ether vapor is sufficient to 
maintain narcosis, but a very much stronger concentration is required to 
cause a dangerous condition of the heart (p. 277). In the same way, the 
difference in the concentration required to produce anesthesia and that 
which will stop the respiration is smaller in chloroform than in ether, 
and the anesthetist has thus more leeway when the latter is used. The 
changes in the metabolism following the use of chloroform are not 
produced to the same extent by ether. 

Regarding the Choice of an Anesthetic, ether is less liable to cause 
dangerous symptoms than chloroform and ought, therefore, to be used 
instead of chloroform wherever feasible. Ether is contraindicated. in 
acidosis, acute respiratory disease, pulmonary tuberculosis, and in- 
creased intracranial pressure. Given expertly, much of the objection 
to its irritant action may be overcome. Chloroform is preferred, by 
the patient for it causes less irritation and less feeling of suffocation, 
and it may be preferred by the surgeon because it induces anesthesia 
sooner and less of it is required. However, the inherent toxicity of this 
agent and the too often improper administration of it are reasons why 
it is now rarely used. Chloroform is definitely contraindicated in renal 
and hepatic disease, in heart disease, and in the aged. In drunkards, 
ether sometimes fails to induce deep anesthesia, and in very, hot climates 
anesthesia with ether may be difficult and unpleasant to induce owing 
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to its rapid evaporation. Lastly, where artificial lights are necessary 
(except thd electric) or where the actual cautery is to be used, ether is 
dangerous on account of its inflammability, and chloroform would be 
preferred if other anesthetics were not available. 

The Dangers of Anesthesia are caused only in part by the direct 
action of the ether or chloroform. The important thing to remember is 
that directly or indirectly, most anesthetic complications are the result 
of interference in the maintenance of a proper supply of oxygen to the 
tissues along with a failure to adequately remove carbon dioxide. Fatal 
accidents have occurred from objects such as false teeth or tobacco 
plugs falling into the air passages and causing asphyxia while vomited 
matter has been drawn into the larynx in some cases. Such causes of 
death may, as a rule, be entirely prevented if the patient has been 
properly prepared. Very often the relaxation of its muscles permits the 
tongue to fall back into the throat, rendering the breathing labored and 
stertorous; this is at once relieved when the tongue is draw n forward. 
The accumulation of saliva and mucus or blood in the throat may lead 
to similar symptoms. In these accidents, the chloroform or ether is 
only indirectly the cause, but in a large and ever-increasing number of 
cases, the fatal effects must be ascribed to the direct action of the 
anesthetics. The proportion of accidents during anesthesia is very 
difficult to estimate, and there are great discrepancies in the statistics 
of different surgeons. A fair average would seem to be 1 death in 4,000 
chloroform inhalations with a range of from 1 in 3,500 to 1 in 15,000. 
The statistics of ether fatalities also vary from I death in 3,000 to 1 in, 
16,000 cases, but probably 1 in 10,000 to 12,000 cases would represent 
the average mortality. 

The Cause of Death in anesthesia due directly to the agents used has 
been a subject of discussion for over fifty years. Today, cardiac sjmeope 
(ventricular fibrillation), overdosage, and explosions are considered most 
important. The first cause, seen only with chloroform has already been 
discussed (Syncope, p. 278). Suffice it to repeat that it may often be 
prevented if the anesthetist passes the second stage quickly and main- 
tains full surgical anesthesia. 

A second form of accident in anesthesia may be from overdosage and 
is less likely to be fatal. In this form the respiration becomes shallower 
and finally ceases while the pulse can still be felt or the heart beat can 
still be beard. The interval between the failure of the breathing and 
that of the pulse varies in different accounts, and in some both are said 
to have disappeared simultaneously. But in these cases the gasping 
respiration, which is characteristic of the cardiac syncope, is not seen. 
This accident occurs especially when the anesthetic has been pushed or 
after prolonged inhalation. It may occur under chloroform or ether, 
and the majority of fatalities under the latter appear to be of this 
character while die great bulk of chloroform deaths are due to cardiac 
syncope. This death from overdosage is easily elicited in animals and 
has been the subject of a large amount of experimental investigation, 
which has been directed chiefly to the question whether the respiration 
or the heart is the first to fail When concentrated vapor of ether or 
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chloroform is administered, the heart still beats after respiration stops. 
However, chances of resuscitation are' negligible if the agent has been 
chloroform since its marked depressant effect on the myocardium pre- 
cludes much hope of recovery. From a practical point of view, it is of 
comparatively little importance whether there are a few fluttering beats 
of the heart after the last inspiration or not. The all-important question 
is whether the heart has been so injured as to be unable to carry on the 
circulation. Ether docs not possess this untoward effect of chloroform 
and hence artificial respiration will usually restore normal air exchange 
and complete recovery. 

It has been suggested that stoppage of respiration is due in part to 
anemia of the brain caused by a falling blood-pressure. This is difficult 
of proof, and the direct depressant effect on the respiratory center is 
sufficient explanation. With ordinary care, respiratory arrest due to 
overdosage is unnecessary. If the anesthetist avoids hyperpnea, oxygen 
deprivation, or excessive concentrations of anesthetic agents, .this cause 
of death will cease to exist. 

A third cause of death deserves brief mention. Ether has caused 
more explosions than any other inflammable anesthetic since there have 
been more ether anesthesias. Fatalities depend upon the flame gaining 
access into the lungs, and they may be ruptured if the explosion is 
violent enough. Until oxygen was used with ether, such accidents did 
not occur and ordinary precautions regarding open flames and cautery 
will prevent deaths due to ether explosions. 

The autopsy in cases of death by chloroform or ether shows no specific 
lesions. The blood is often dark colored from the asphyxia, and the 
heart is found dilated. Irritation of the respiratory passages may be 
present in ether poisoning, and the odor of the anesthetic may be 
recognized in the different organs. Microscopic examination may show 
some alterations in the cells of the respiratory center and cardiac 
ganglia, fragmentation of the heart muscle, and some parenchymal 
degeneration of the liver, kidneys, spleen, and heart after chloroform. 

Late Deaths.— In the past, many postoperative deaths were attributed 
to chloroform and ether. It is recognized today that most of them either 
could have been prevented or were due to some other factor. If chloro- 
form is never administered in the presence of renal, hepatic, or cardiac 
disease, and if liver glycogen is maintained at high level prior to its 
use, “delayed’ chloroform poisoning” due to parenchymatous damage of 
the liver will rarely occur. In the same manner, postoperative pulmonary 
deaths due to ether need not occur if the patient is kept warm during 
the anesthesia and if the anesthetist is well-trained in its administration. 

Ether Convulsions.— The etiology of violent involuntary muscular con- 
tractions during ether anesthesia still remains obscure. Clonic move- 
ments of the limbs may, as has already been described, occur early id 
ether anesthesia and usually pass off when anesthesia is deeper. Apart 
from the inconvenience they cause, these convulsive movements are 
of little importance. Occasionally convulsions occur later in the anes- , 
thesia which are of much more serious import. They are often preceded 
by irregular and rapid respiration followed by twitching in the muscles 
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of the face. The convulsions may spread quickly to other muscles, 
rendering it difficult to keep the patient on the operating table. It is a 
grave condition as the convulsions may persist until the patient dies 
Payne concludes that the late ether convulsions are due to a combination 
of factors; extreme youth of the patient, toxemia, deep anesthesia, and 
high external temperature. While the mortality has been previously 
stated to be 18.9 per cent, Papper recently reported 6 cases, all of whom 
recovered. The most satisfactory treatment was chloroform and intra- 
venous sodium pentothal. 
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Fia. 18 — 1, The container of the anesthetic liquid, 2, the cork with two notches — one 
small (A) and one largo (B ) ; 5, the wick — a strip of gauze or cotton long enough to reach 
to the bottom of the container, and coming to a fine point at the outer end , 4, arrangement 
for convenience in maintaining a constant drip — the dripper may be fixed above the mask 
to a gooseneck support or to a screen by means of a bull’s horn forceps. (From “Funda- 
mentals of Anesthesia," courtesy 0 f American Medical Association Press ) 


Apparatus and Principles.— A detailed account of the apparatus used 
in anesthesia and the techniques of administration do not properly belong 
in a text of pharmacology. Such information must be learned from 
practical experience in the hospital. Flagg puts it best when he says, 
“The administration of anesthesia is much more than the application of 
mere laboratory technique which may be set forth and employed under 
controlled conditions. It is one of the most critical branches of thera- 
peutics.” For details of various methods of administering anesthetics 
such as endotracheal, intratracheal, and intrapharyngeal inhalation; for 
insufflation techniques and others, the reader is referred to Flagg’s 
excellent book. The Art of Anesthesia. 
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The "open” drop method for administering ether and chloroform 
remains popular because of simplicity and controllability (Figs. 18 to 20). 
However, the technique must be as carefully learned as though ether 
acre being administered by means of the more complicated gas machine, 
a method now preferred in many hospitals. 


0 C3i CS CB (3 C3? C$} 

t i 

* * , ' i 

r~\ r\ r\ r\r\ 


Fio. 19.— During induction the drip should be accelerated slowly, steadily and as 
rapidly as the patient will tolerate, never exceeding the amount that will vaporize on the 
mask. Throughout the administration the drip should bo continuous— the rate varying 
as changes in depth of anesthesia are required. (From “Fundamentals of Anesthesia,” 
courtesy of American Medical Association Press.) 
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Fig. 20.— The vapor concentration depends on. (a) the temperature and the barometr/c 
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The chief principle to be kept in mind is that at all times an adequate 
airway must be maintained so that the tissues never Jack ample oxygen 
or suffer from an excess of carbon dioxide. Finally, the good anesthetist 
observes the patient as a whole, not just the head- 
preliminary Examination.— Before anesthesia, a careful examination 
should be made of the condition of the patient, and if there is great 
anxiety and excitement, a hypodermic injection of morphine and 
atropine and/or one of the barbituric acid group of drugs may be given. 
(See Preoperative Premedication, p. 307.) Valvular disease of the heart 
does not contraindicate an anesthetic unless there are marked symptoms 
of inefficiency, such as dropsy or edema. Administration of ether or 
chloroform to a patient with atheromatous arteries is dangerous due to 
the tendency of producing apoplexy during the second stage, and if a 
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general anesthetic seems absolutely necessary, an opiate must always be 
given previously. In cases of bronchitis and catarrh of the air passages, 
chloroform or the gas anesthetics are to be preferred to ether as they are 
less irritating while in Bright’s disease chloroform is generally more 
injurious than ether due to the resultant albuminuria and tendency to 
fatty degeneration. Here again the gas anesthetics are to be preferred. 
Where there are symptoms of anemia and the hemoglobin is found to 
be deficient, great care is necessary in the use of ether and chloroform. 

Practical Anesthesia,— The patient preferably should not have anything to 
eat for several hours before the anesthetic ia to be given ?o that the stomach 
may be empty and vomiting avoided as far as possible False teeth and any 
other foreign objects must be removed from the mouth. A loose hospital gown 
should be worn, and m addition, blankets should be used to keep the patient 
from chilling. The eyes are closed m order to protect the conjunctiva from the 
irritating vapor, and vaseline is applied to the eyelids, bps, and nose to further 
reduce irritation. "When the “open drop" method is used, it is essential that the 
mask be freely permeable by the air and not fit closely to the face. It must be 
remembered that the air passes through cloth with much greater difficulty 
when it is wet by the saliva and mucus and that a mask which is freely permeable 
at the commencement of «n operation may lead to asphyxia after it has been 
soaked during the first and second stages The patient is instructed to breathe 
as regularly as possible or to count from one upwards, and some of the anesthetic 
ia dropped on the mask (Fig IS). If the breath be held, the mask should be 
raised a little from the face as the next inspiration will be a very deep one. 
During the excitement stage, the respiration is irregular, and great care must 
be taken to avoid the inhalation of too concentrated vapor. As soon as the 
conjunctival reflex disappears, the mask is raised and is replaced when it reap- 
pears, The anesthetist should maintain an even anesthesia and avoid sudden 
changes Throughout the anesthesia, care must be taken to prevent any inter- 
ference with the respiration by the operator leaning on the thorax or abdomen 
Very often stertorous respiration sets in from the tongue falling back into the 
throat, and this bas to be remedied by pressing forward the angle of the jaw 
or if this is not sufficient, by pulling out the tongue with a blunt-pointed forceps 
Vomiting is a very common occurrence in ether anesthesia, especially during 
the early stages, and when it 6ets in, the head is turned to one side and the 
vomited matter removed with a sponge The anesthetist should watch for 
impediment of respiration by mucus and be ready to aspirate it when necessary'. 

At all times, the anesthetist should concern himself chiefly with respiration, 
the color, muscular tone, the size of the pupil and eye reflexes, and the puke. 
The first two are of greatest importance during the first and second stages of 
anesthesia. The last three assume importance as surgical anesthesia is reached 
and maintained since they assure the anesthetist of the condition of his patient. 

A reflex arrest of respiration often occurs m the fir^t stage but is not of impor- 
tance m itself but only from the deep gasping inspiration which follows it. 
Serious accidents during anesthesia have already been di«cu«sed, hut when 
respiration fails because the anesthetic agent is used m a too concentrated form, 
immediate attention becomes necessary The head ought to be lowered at once, 
and the lower lunbs elevated in order to drive the blood to the head as far as 
possible and thus remedy the anemia of the brain from the weakness of the 
heart that accompanies the cessation of the respiration. The epiglottis must 
be raised by pressing forward the angle of the jaw or by pulling forward the 
base of the tongue. Artificial respiration m one or other form ought to bo com- 
menced at once and earned on as Jong as n necessary, a large number of methods 
of performing artificial respiration have been proposed, but they can only be 
taught in practical class and need not be entered upon here. If the pulse ia 
weak, intermittent pressure over the heart may aid it in earmngon the circula- 
tion, and in some cases the abdominal cavits has been rapidlv opened and the 
heart compressed between one hand below the diaphragm and the other on the 
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- cheat wall This heroic measure has in some cases restored the heart beat and 
-'*«"'*’■***'- these cases, but it 

Caffeine, niketh- 

. ■ ' only tried as res- 

piratory stimulants. . Jn animal experiments, the best results in circulator}' failure 
are obtained by the intravenous or intracardiac injection of epinephrine in saline 
solution, and this method has proved successful in man. 

The ventricular fibrillation caused by chloroform is usually ahvays fatal. 
Care in administration of this agent during the second stage will prevent most 
cases. When it does occur, epinephrine must not be used since the condition 
is only made worse. In addition, the operation should never be commenced 
until anesthesia is complete; otherwise, reflex'inhibition of the heart leading to 
fibrillation may result and lead to fatal consequences. 

In long operations, the attention of the anesthetist should be directed to 
maintaining an even level of unconsciousness. When anesthesia is reached, it 
may be maintained by comparatively small quantities, and on the other hand, 
owing to the fall of temperature and the prolonged action of the drug, the 
amount necessary to produce cessation of the respiration and the heart is much 
smaller than during shorter operations. 

On the completion of the operation, the patient should be watched until 
there is complete recover}' of consciousness. After prolonged anesthesia, the 
patient should be kept warm as the temperature often continues to fall for 
some time after the administration of the drug has ceased. If vomiting persists 
after the recovery of consciousness, cracked ice maj* be given, and relief is 
sometimes obtained by lavage of the stomach. 

The patient should always be placed in the recumbent position when pos- 
sible as otherwise anemia of the brain and fainting are liable to 'result. 

Therapeutic Uses.— Anesthesia is generally induced for the purpose of 
surgical operations and examinations and in labor. Not too many years 
ago when it was necessary to perform an operation or manipulation 
involving much pain, the surgeon had to consider only which of the two 
general anesthetics was the better adapted to the case. The improve- 
ments introduced* in the methods of inducing local anesthesia and the 
introduction of new and effective drugs as surgical anesthetics have now 
wAarged bis htfa oS choice, and the farther question has to he urct 
whether unconsciousness is desirable, or whether the necessities of the 
case may not be met by paralyzing sensation at the site of operation 
only. The advantages claimed for local anesthesia will be discussed 
later, but the general conditions in which chloroform and ether are to be 
preferred may be stated shortly. General anesthesia is absolutely 
essential where complete relaxation of the muscles is desired and where 
the movements of the patient may imperil the success of the operation . 
Ether administered by various techniques is still the anesthetic of choice 
by many anesthetists and surgeons. Its local irritating properties on 
respirator}' passages and its tendency to cause vomiting are of little 
significance compared to its relative safety. Operations on the abdominal 
organs and around joints and such others as involve wide and deep 
incisions are best performed under ether. Chloroform on the other hand 
is rapidly being discontinued as a general anesthetic because of its 
potential toxic effects. ... , 

For symptomatic relief in cases of extreme excitability of the central 
nervous system, as in strychnine poisoning, tetanbs, and other con- 
vulsive affections, a few r whiffs of chloroform or ether are general!) 
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sufficient to produce quiet, often without affecting the consciousness to 
any marked extent. In cases of very acute pain, chloroform or ether 
have been used, but as a general rule morphine or opium is preferable. 

Ether m combination with hyperimmune serum has been used in the treat- 
ment of experimental western equine encephalomyelitis of mice (Sulfcin, ct of.) 

The Local Action of chloroform and ether on the stomach and skin is 
entirely independent of their action as anesthetics and is discussed 
separately below. Chloroform has a hot, sweetish taste while ether is 
bitter and suffocating in the mouth; a sensation of heat and often of 
pain in the stomach follows when they are swallowed, and chloroform 
may cause gastric irritation and catarrh when given undiluted. When 
ether has been exposed to air and sunlight and to a varying temperature, 
it may contain acetaldehyde and peroxide bodies, which render it more 
irritant to the mucous membranes. The whole effect is similar to that 
produced by the volatile oils, but absorption probably takes place more 
rapidly. On the skin, ether evaporates too rapidly to cause much irrita- 
tion, but chloroform is occasionally used as a rubefacient in the form of a 
liniment. 

These preparations are used for the same purposes as the correspond- 
ing preparations of the volatile oils. Thus the spirits may be prescribed 
as carminatives or in colic, while the liniment is used as a counterirritant. 
Chloroform water is an antiseptic of considerable power but is too 
volatile for surgical use. 

Hoffmann’s drops is a favorite carminative and is often added to 
other drugs to lend them an agreeable odor and taste. This preparation 
is also used in dilution as a stimulant in the same indefinite way as 
wine and spirits, and its large percentage of alcohol entitles it to be 
ranked among the alcoholic preparations. 

Spirits of ether is used occasionally in expectorant mixtures and is 
believed to increase the bronchial secretion. 

Ethyl Chloride (CjII s Cl) was discovered by Florcns in 1S47. It is a 
volatile liquid with a not unpleasant ethereal odor. It should be 
emphasized that it is explosive as well as inflammable. 

It is used as a local anesthetic inducing its local action by freezing. 
When sprayed in a fine jet under pressure, the evaporation of this 
liquid is extremely rapid. The temperature of the skin surface is brought 
below freezing and tins process acts as a terminal anesthetic. Effects 
arc complete in a few seconds and last long enough to permit, for 
example, the lancing of a boll. It does not compare with the procaine 
group of local anesthetics in efficiency but is useful because of the 
simplicity of its administration. 

Because of its toxicity and narrow margin of safety, it is not tt«ed as a genera! 
anesthetic. The rate of induction « more rapid and pleasant than nitl; ether 
or chloroform as is the rate of recovery but muscular relaxation i« not complete. 

Its effects on the heart are similar to chloroform while those on respiration 
resemble ether. The amount necessary to produce anc®thoria varies greatly, 
and because of tht<«, it is difficult to maintain a constant state of fincun'eicrinne-w 

Ethyl chloride is obtained by the action of hydrochloric acid on alcohol and 
is * gag st ordinary temperatures but is supplied condensed into ft cetorievi 
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fluid. It is very volatile, inflammable and mobile, and is liable to contain traces 
of the same impurities as have been mentioned under chloroform. It should be 
kept in a cool place away from lights or fire. 

Bivinyl Ether.— Di vinyl ether (vinyl ether or diviny] oxide, Vinethene 
(N.N.R.), GHz : CH.O.CH : CH») is a clear, colorless liquid which boils 
at 28.3° C. and is highly inflammable. Leake and Chen first suggested 
its use in 1930. It has been introduced as a volatile anesthetic, and at 
the present time it is used only for short operations, in obstetrics, in 
dentistry, and as an induction anesthetic. It may be given by the 
closed or by the open method, but in any event it is of paramount 
importance to maintain an adequate air supply and an unobstructed 
airway. 

It differs from ether chiefly in its rapidity of action, and this effect 
not only makes it more toxic but makes maintenance of surgical anes- 
thesia more difficult. Anesthesia comes on quite rapidly under its 
influence, usually in from one-half to one and one-half minutes, and 
recovery is in like manner rapid, occurring in about two and one-half 
minutes. In addition, it is less irritant to the respiratory tract than 
ether, and it produces little or no postoperative nausea. It produces 
good, but not complete, muscular relaxation and is superior to ethyl 
chloride in not producing spasm of the respiratory muscles. 

It is difficult to recognize the usual signs of anesthesia when divinyl 
ether is used. Eye changes are entirety unreliable, and the anesthetist 
must depend largely upon the rate, depth, regularity, and character 
of the respiration. As a rule, respiratory movements are somewhat 
increased at first and then return to normal with complete anesthesia. 
With an adequate airway, the color is good and the blood-pressure and 
heart are usually unaffected. Overdosage causes respiratory arrest with 
resultant anoxemia and cyanosis. This may occur frequently unless the 
anesthetist carefully watches the patient, but it can be corrected by 
stopping the anesthetic and administering oxygen. 

The concern ■' '■ * i.».. ‘Mtrf 
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•eas 
:ces- 

sarily indicate a greater degree of safety but might merely indicate « znore 
potent agent. In experimental animals under artificial respiration, dmnyi 
ether at a level 30 to 40 per cent above that needed to cause respiraton’ arrest 
was more prone to cause alterations in heart rhythm than ether and cyclo- 
propane. However, under similar circumstances, blood-pressure was not main- 
tained with divmyl ether or diethyl ether as w'ell as with cyclopropane. 

A few deaths have been reported following its use, and the effect of 
the substance upon the liver seems to be of especial importance, which 
would indicate that caution should be used in employing it in long 
operations or in those in which 'there is any suggestion of previous 
hepatic impairment. For this reason, it has been recommended that it 
should not be employed for longer than one-half hour when it is given 
by the open method although it may questionably be given for a longer 
time when used with oxygen in a closed system.^ > , . . 

Used judiciously in short operations, divinyl ether is a suitable 
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. < , . ■ 1 lorless, mobile, very 

volatile liquid. 

jEthylis Oxidum, m rr opu \ m q t> \ - con tains 96 to 98 

per cent of (C 2 H»)iO, water. Caution— 

Ethyl oxide must not 

Aqua Chloroformi, chloroform water (U. S. P., B. P.) . Dose, 15 cc. (U. S. P.), 
15 to 30 mil. (B. P.). 

Chloroformum, chloroform (CHClj) (U. S. P., B. P.). It contains not more 
than 99.5 per cent of CHClj, the remainder consisting of alcohol (U. S. P.). 
It is trichloromethane to w'hich 1 to 2 per cent of dehydrated alcohol has been 
added (B. P.). Dose, 0.06 to 0.3 mil. 

Chloroform is a clear, colorless, mobile liquid with a characteristic odor and 
burning taste. It is soluble in about 200 parts of water and is miscible with 
alcohol and ether. Caution — Care should be taken not to vaporize chloroform 
in the presence of a naked flame, because of the production of noxious gases. 

Emulsio Chloroformi, emulsion of chloroform (B. P.), contains 50 mil., of 
chloroform in 1000 mil. of water, tragacanth being used as the demulcent. Dose, 
0.3 to 2 mil. (Is equivalent in chloroform content to spirit of chloroform (B. P )). 

Linimentum Chloroformi, chloroform liniment (U. S. P.), contains not 
more than 30 5 cc. of CHCh in each 100 cc.c f • T ■ ’ — v ~ * 

Spiritus AStheris, spirit of ether (B. P.), 1 

mil. of alcohol; alcohol content, about 60 pei 

Spiritus Chloroformi, spirit of chloroform (B. P.), contains 50 mil. of 
chloroform in 1000 mil. of alcohol; alcohol content about 85 per cent. Dose, 
0.3 to 2 mil. 

Trichtoro-ethylenum, Trichloroethylene (CaHCb) (IT. S. P.) contains 
not more than 99.5 per cent of CjHCI,, the remainder consisting of alcohol. It is 
practically insoluble in water; miscible with alcohol. Dose by inhalation, 1 cc. 
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Robbins* Jour. Pharm. and Exper Therap , 85. 192. 1945 

Trichloroethylene. 

Geiger and Goodman Jour. Am Med Assn , 103, 1733 1037 (In Migraine.) 
Glaser Jour. Am Med Assn . 96, 916. 19'tl (Treatment of Trigeminal Neuralgia.) 
Jackson Anesth fend Ana hr , 13, 193, 13.11 
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2. Nitrous Oxide 

The oldest of the anesthetics, nitrous oxide, KjO, doe3 not belong to 
the methane series bnt may be discussed at this point. Wells first used 
it clinically in IS 10, and Andrews first used it along with oxygen in ISGS. - 

Symptoms.— When a mixture of about 40 per cent nitrous oxide and 
air is inhaled for a few seconds, a condition resembling alcoholic intoxica- 
tion is produced with much hilarity and laughter so that the oxide is 
known popularly m “laughing gas/ Even at this point a certain amount 
of ahestbesia is obtained, and it was the observation that persons falling 
during this stage did not complain of pain that first suggested to Well# 

* “A young mm, a Mr. Davy . . . hn-s made rotnc discos cries of importance, m 4 
enthusiastically expects wonders will 1*> performed by the uw of certain ow, which 
luehmt* J» the most delightful manner. having Bin oblivious e'lerta of l*th*. and *1 
the same time gin ns the rapturous sensation of the Nectar of the Cods Pleasure even 10 
madness is the consequent* of this draught “ (M*«r Edgeworth. l«tt> ) 
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the anesthetic properties of the gas. The action of this concentration 
is one of analgesia.' Davy had noted these general symptoms forty 
years previously, but his suggestion that nitrous oxide might be used 
in surgical operations passed unnoticed. 

* The inhalation of 35 to 70 per cent of nitrous oxide causes after a few 
seconds a rushing, drumming, hammering in the ears, indistinct sight, 
staggering gait, and swaying of the body from side to side. The patient 
seems brighter and more lively and often bursts into laughter. Some- 
what later a feeling of drowsiness may come on, but this is not con- 
stant; the sensibility to pain is much less acute than normally, but 
no complete anesthesia is produced by this mixture of gases; the sense 
of touch is comparatively little altered, although a state of semi-uncon- 
sciousness exists. The pupil is generally slightly dilated, the face flushed, 
and the pulse somewhat accelerated. 

In actual practice a mixture of 85 to 90 per cent of nitrous oxide with 
10 to 15 per cent of oxygen is employed to produce anesthesia. ' Details 
of these effects will be given later, but it should be stated that plane one 
anesthesia with incomplete muscular relaxation is all that is obtained 
when a nitrous oxide-oxygen mixture is administered. When pure 
nitrous oxide is inhaled without the admixture of oxygen, the patient 
passes almost instantaneously through the symptoms already described 
but then loses consciousness completely; the face is cyanotic, the respira- 
tion becomes stertorous and dyspneic and ceases after a weak convulsion, 
while the heart continues to beat for some time afterwards. If the 
mask through which the patient has been inhaling the gas is removed 
when the cyanosis becomes marked, very complete anesthesia lasts for 
thirty to sixty seconds, and the patient then recovers within a few 
minutes and suffers from iio after effects whatever. No prolonged 
anesthesia can be produced, however, as the respiration becomes 
endangered if the mask be kept on longer than the beginning of the 
cyanotic stage. As a matter of fact, it should be emphasized that pure 
nitrous oxide should seldom, if ever, be used even for short anesthesia 
because a fatal effect may result. 

Action. —Nitrous oxide supports combustion outside the body for if 
a glowing splinter of wood be held in it, it bursts into flame exactly as 
if it were immersed in oxygen. In the tissues of the body, however, 
nitrous oxide behaves in the same way as any other indifferent gas, such 
as hydrogen or nitrogen; that is, the tissues exposed to it suffer from 
asphyxia owing to the oxygen of the air being excluded. Animals die 
after inhaling nitrous oxide in almost the same time as after hydrogen 
or nitrogen, and at death the spectrum of the blood shows no oxyhemo- 
globin to be present, the tissues having used up all the available oxygen. 
Nitrous oxide, therefore, does not support combustion in the animal 
body; the nitrogen is not split off from the oxygen at body temperature 
as it is when the oxide is exposed to high temperatures outside the body. 

Nitrous oxide has a special effect on the central nervous system 
although in the rest of the tissues it acts only by excluding the oxygen; 
it depresses the brain by virtue of its molecular form just as does chloro- 
form or ether. This has been shown in a variety of ways; thus, if it 
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were a perfectly indifferent substance, no more effect would be produced 
by it when mixed with one-fourth of its volume of oxygen than by air, 
which consists of one part of oxygen and four parts of an indifferent 
gas, nitrogen. ^ But SO per cent nitrous oxide has definite effects on the 
behavior of animals, and even 73 per cent produces some slowing of the 
respiration. 

The narcotic action was studied by Paul Bert in a series of experiments on 
man and animals. He noted that only imperfect anesthesia was produced by 
80 per cent nitrous oxide while the pure gas produced asphyxia. The problem 
was to introduce as much gas into the blood bs would pass m under pure nitrous 
oxide and at the same time to supply sufficient oxygen to prevent asphyxia. 
The absorption of nitrous oxide depends upon its partial pressure in the lungs 
as it is simply dissolved in the blood without forming any real combination with 
it, and the quantity absorbed by the blood may be augmented by increasing 
the barometric pressure. Bert, therefore, administered a mixture of 80 parte 
of nitrous oxide and 20 parts oxygen to animals to a glass case in which the 
pressure was raised one-fourth above the ordinary atmospheric pressure. The 
absorption of the nitrous oxide was the same as if the animal had breathed the 
pure gas at the ordinary air pressure, and at the same time as much oxygen w as 
absorbed as in ordinary air. The result was apparently a complete anesthesia 
without asphyxia, which could be maintained for three days without injury to 
the animal. Kemp has shown that a mixture of oxygen and nitrous oxide can be 
inhaled for some time and produce anesthesia, which passes off at once when 
nitrogen is substituted for nitrous oxide Furthermore, the oxygen contained 
in the blood at the deepest stage of anesthesia is quite sufficient to maintain life 
and consciousness were no nitrous oxide present, provided oxygenation is main* 
tamed at a proper level. There can, therefore, be no doubt that nitrous oxide 
has distinct effects on the central nervous system although it is indifferent to 
the other tissues. The anesthesia is due to a specific action on the nervous tissues 
although this may be reinforced by the asphyxia present. 

Several workers have reexamined the relationship of nitrous oxide 
to oxygen in surgical anesthesia , and their results in general point to 
the importance of the oxygen content of the blood as determining the 
degree of anesthesia taking for granted that there is an adequate con- 
centration of nitrous oxide present. Greene and his co-workers have 
shown that for light anesthesia in dogs the inhalant mixture roust 
contain not more than 7.G per cent by volume of oxygen and for deep 
anesthesia even ns little as 3.49 per cent by volume may suffice. For 
satisfactory surgical anesthesia, about 90 per cent of nitrous oxide is 
needed, thus a certain degree of anoxemia is always present. 

The experiments of Bert described aboi e have also been critically rcCtammed 
by Brown, Luca?, and Henderson, an^ ** ' d to question the possibility 

of securing anesthesia ' pressure unless the amount 

of ows-**" ‘hat surgical anesthesia with 

.»uii of the gas but also upon a 


Luiui during nitrous oxide anesthesia probably occurs, not from the 
direct action of the nitrous oxide on the respiratory center, but from the 
lack of oxygen although the depression of the center is undoubtedly a 
contributing factor. 

The Respiratory Center is depressed when the gas is inhaled ttt com- 
paratively dilute form for tlic breathing b slower and deeper even after 
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73 per cent. The respiration ceases somewhat earlier under nitrous 
oxide than under indifferent gases, which would indicate that the cessa- 
tion of the breathing is due at any rate in part to the specific depressant 
action. In asphyxia from nitrous oxide there is. less convulsive move- 
ment than under hydrogen, owing to the general depression of the nerve 
cells. 



Pig 21. — A common type of gas anesthesia machine (McKesson Nargraf). 


The Circulation is little affected by nitrous oxide directly, the rise in 
the blood-pressure and slowness of the pulse being due to the asphyxial 
condition of the blood ; the pulse is not so slow as in ordinary asphyxia 
or in asphyxia from nitrogen or hydrogen, because the inhibitory center 
is less capable of activity. The heart is not affected directly but only 
by the lack of oxygen. 

The Blood dissolves more nitrous oxide than water, apparently because 
it is taken up by the lipids of the corpuscles in the same way as chloro- 
form. About 40 mg. in 100 cc. blood are found at the beginning of 
anesthesia, 50 mg. in complete anesthesia, arid 60 mg. when respiration 
ceases. It is without doubt the safest of the anesthetics since millions 
n. of persons have been subjected to its influence, and only a comparatively 
few cases of death are reported from its use. 
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Practical Anesthesia, —Nitrous oxide is a stable gas at ordinary tem- 
perature and pressure and is invariably administered by inhalation from 
a cylinder into which it has been forced under high pressure. For this 
purpose, a gas machine is used (see Fig. 21, p. 298) and a tight-fitting 
mask is fitted over thf face- The general principles involved are the 
same as for those using ether— adequate oxygen supply to the tissues 
and proper removal of carbon dioxide. With nitrous oxide, it is very 
important that all nitrogen be washed out of the apparatus since it will 
interfere with the anesthetic properties of this gas. The “to and fro ” 
method with partial re-breathing is the simplest and the most satis- 
factory manner of administering gaseous anesthetics. As a rule, a carbon 
dioxide absorber is added to prevent excess accumulation and rebreath- 
ing of this gas (Fig. 22). 
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pupil is somewhat contracted. The corneal reflexes remain intact.’ Returning 
consciousness necessitates a diminution in the oxygen; stertor and cyanosis an 
increase. ' ' 

This form of anesthesia is admirably adapted for many operations and may 
be maintained for hours if necessary. The circulation and respiration are less 
seriously altered than by either chloroform or ether, and the return of conscious- 
ness is almost immediate. A great drawback to its use in prolonged operations 
is that for a safe and satisfactory anesthesia considerable skill is necessary in 
its administration. Some anesthetists suggest that premedication with tri- 
bromoethanol (avertin) makes for easier maintenance. As indicated, muscular 
relaxation is hard to attain, and this precludes its use in some operations in 
wh‘ 1 ’ ■’ ’ ’ ’ • ' r | . ! *’ 1 ’ 11 1 — 

or 


en overstated, and in fact, it is a question 
operation without gas would not be more 
dangerous than the effects of the gas itself. No such symptoms arise when the 
nitrous oxide is administered diluted with oxygen. 

Occasionally some glycosuria occurs after the inhalation, not owing to the 
gas itself but to the accompanying asphyxia. It is merely temporary and has 
no practical importance. 

The treatment of accidents in anesthesia under nitrous oxide consists of 
artificial respiration alone. 

Preparations 

Nitrogenii Monoxidum, nitrous oxide (N*0) (B. P.), contains not less than 
93 per cent by volume of nitrous oxide. 

Oxidum Nitrosum, nitrous oxide (U. S. P.), contains not less than 95 per 
cent by volume of NjO. It is a colorless gas without appreciable odor or taste. 

Nitrous oxide dissolves in 1.5 to 2 volumes of water and is freely soluble in 
alcohol. 
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3. Ethylene 

Brown and Luckhardt and Carter published the first reports of the 
anesthetic effect of this substance on animals in 1923, and the latter 
authors also included preliminary reports of its effects on man, given 
under laboratory conditions. Very shortly afterward Luckhardt and 
Carter reported a series of 108 cases in which the gas had been used 
clinically, and since that time it has been employed quite widely for the , 
production of surgical anesthesia. 

Ethylene, CH 2 :CH 2 , is a gas at ordinary conditions of temperature 
and pressure. When a proper mixture with oxygen is inhaled, a state o 
surgical anesthesia is promptly induced. The action seems to be inter' 

' mediate between ether and nitrous oxide, somewhat resembling ether as 
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(10 to 15 mm. Hg., Luckhardt). If the concentration is inoreased to a 
toxic point, the respirations are increased for a time due to the asphyxia 
and then fail, but at this time the circulatory mechanism is in good 
condition so that prompt recovery results from the administration 
of artificial respiration. Death due to the gas itself is extremely rare, 
and if it occurs, it may more properly be said to be due to asphyxia. 
According to Miller and Plant, there is an increase in amplitude of 
contractions of the stomach, small intestines, and colon during light 
anesthesia from ethylene which lessens or returns to the normal with 
full surgical anesthesia. There is little, if any, irritation of the mucous 
membranes of the nasopharynx, and therefore no excessive secretion of 
saliva or mucus. Nor is there any evidence of any kidney injury even 
after repeated and prolonged administration. The elimination of the 
gas seems to be entirely through the lungs, and none of it is altered or 
combined in the body. 

The advantages of ethylene are evident from the above discussion. 
It acts promptly, gives a greater degree of relaxation than nitrous 
oxide but less than ether, is not irritant, permits of sufficient oxygen 
being given to avoid asphyxia, and is relatively free from unpleasant 
after-effects. It has been used not only in all types of general surgery 
but in the specialized fields of genito-urinary surgery, obstetrics, and 
dentistry. 

It has the practical disadvantage of forming explosive mixtures with 
air, which precludes its use in the presence of the open flame, cautery, or 
electric spark. Recent evidence indicates, however, that as a rule, 
because of its rapid diffusibility, explosive concentrations of ethylene 
(3.2 per cent) exist no closer than two feet from the mask. If adequate 
ventilation of this area is carried out, the risk of explosibility is largely 
reduced. Two other measures which have been adopted to minimize 
the dangers are humidification of the atmosphere of the room and 
electrical grounding of the anesthesia apparatus and operating tfcble. 
A few explosions have resulted from the use of this drug, presumably 
being caused by a discharge of static electricity developing within the 
anesthetic machine. However, with modern methods, this risk is small 
and is greatly overshadowed by the advantages which ethylene possesses 


Preparations 

jEthylenum, ethylene (CHj=CH 2 ) (U. S. P.), contains not less than 99 pe* 
cent by volume of C2H4. It is a>colorless gas with a sweet odor and taste. 

jEthylenum, ethylene (C 2 H<) (B. P.), contains not less than 98 per cent by 
volume of C 2 H 4 . . f 

Ethylene dissolves in about 9 volumes of water and 0.5 volume of alcohol a 


Caution— Ethylene is inflammable, and a mixture of it with oxygen or air 
will explode when brought in contact with a flame or other causes of igmtio 
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4. Cyclopropane 

This substance was first prepared by Freund in 18S2, but no particular 
use was found for it until 1929 when Lucas and Henderson published 
their findings on its anesthetic properties. Waters and bchmidt in U-H 
first reported its use clinically, and since that tunc its popularity has 
increased in spite of certain disadvantages winch it possesses C > clopto; 
pane is a jos which is heavier than air, having a specific gravity of 1.40 
and a structural formula: 


It is almost insoluble in water but is very soluble in lipids. It : « inflam- 
mable and is capable of exploding when mixed with oxjge , 

trations as low as 3.8 per cent. Tins property ' V'^and ^terv. 

precautions against using it in the neighborhood of a a clectriv 

Special care should likewise be taken against the pro "« ' ° f 
static sparks since cyclopropane is potentially exptos 

an anesthetic with oxygen. . . . , , . ^contritions as 

Cyclopropane will produce narcosis when inhaled in “"fjS „ c « ir 
low ’as 4 per cent, but much higher concentrations are general 1; njh 
depending upon the depth and duration of ones i . , "1 anesthesia 

rule, 15 per cent of cyclopropane is required e<,mpleto rmesthosm 
which is reached in about three minutes. The gas • ^ . is'siui- 

closetl carbon dioxide absorption technique m which 1. 1 ma h i 
plied with oxygen and cyclopropane, the latter being rf ^ ««« < ™ 
to three minutes. Narcosis takes place m a, , nnr , lieil oeconling 

becomes distributed in the tissues. Oxjgen I rlonropane lliav 

to the needs of the patient, and it necessary, t ^ 

be added if the anesthesia is wlfirmt J" mTll trati"n ra pi,]|y 

gas, care must he taken not to increase It The ca , is 

as time is needed for adequate dutnbnti . , ,j lrr it ation 

quite potent ami high concentrations .cun » ' " ! ”ers distinct 

and without ranch change in respiration mm ***«£! , hnn „kh 
depression is reneiied. Muscular nlaxat, on » 
ether hut is greater than with nitrons ox.de ■ « 

plane Urn is easily reached by the pvoptr complete in n 

thctic. Upon removal of the mask, recovery is rapid amt n rag 

f ' Thcnniinnry signs of anesthesia under rs e!..pn.panc mM 
R3 with other awsthetirs. /fo/nratu/n t* n,v > 
occurs. The is often dilated m ,'P*; of 

Color is unimportant during anesthesia si i Llirite tneir clTcct'. 
presents the appearance of esanosrs « Inch would mdreate 
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Blood-pressure likewise is little altered, and the pulse becomes the best 
indication of the condition of the patient. A bradycardia of 60 or less 
makes it essential to lessen the concentration of the gas. If arrhythmias 
develop, the gas should be removed and oxygen given. The action of 
cyclopropane on the heart causing irregularities somewhat resembles 
chloroform since Robbins and co-workers have shown that it increases 
the irritability of the heart muscle. In addition, epinephrine is likewise 
contraindicated since the effects of the two drugs may result in ven- 
tricular fibrillation. These authors also recommend that one of the 
barbiturates should always be used for premedication in cyclopropane 
anesthesia to reduce the chance of cardiac irregularities. In the dog, mor- 
phine is also claimed to increase the possibility of cardiac irregularities 
under cyclopropane anesthesia. Pituitrin is also synergistic with cyclo- 
propane in the production of cardiac arrhythmias, and the two should 
not be used together (Belinkoff). 

In the recovery stage nausea and vomiting are usually slight. Those 
experienced in its use prefer it to ethylene and in ‘many cases also to 
ether. It may also be used introductory to the use of ether. It is not 
irritant or unpleasant or deleterious to the liver, and pulmonary com- 
plications probably occur less often than with ether. Cardiac arrhyth- 
mias occur which are not usually seen with ether and post-anesthetic 
headache is not uncommon. Many surgeons prefer cyclopropane m 
thoracic surgery because of its slight effect upon respiration. It is also 
useful in conditions which require a complete supply of oxygen to the 
tissues, such as in anemia, congestive heart failure, and respiratory 
diseases causing respiratory obstruction. In obstetrics, it is fast becom- » 
ing the anesthetic analgesic of choice because fetal respiration is not 
deranged. It is, therefore, a suitable anesthetic agent when used cau- 
tiously by those fully informed of its properties, potential dangers, and 
signs which indicate the stages of anesthesia. 

Propylene is too toxic to make it useful in clinical anesthesia. 

Preparations 

Cycloprofanum, cyclopropane (C,H«), (U. S. P., B. P.), contains not less 
than 99 per cent by volume of CjH ( It is a colorless gas with a petroleum benzw 
odor and pungent taste. It is soluble in about 2.7 volumes of water and freely 
soluble in alcohol. 

Caution.— Cyclopropane is inflammable and its mixture with oxygen or an 
may explode when brought in contact with a flame or other causes of ignition. 
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5. Tribromoethsnol 

Tribromoethanol (Avertin).— Tribromoethanol (CBrjCIbOII), synthe- 
sized by YVillstiitter in 1923, was introduced into medicine as a h\ p- 
notic and general anesthetic by Duisbcrg in 1926. It was first used as a 
general anesthetic, but since its actions once established are difficult of 
alteration, it should never be used for this purpose. As a basal narcotic, 
it is useful in general anesthesia and is hence considered in this section 

Chemically, it is related to alcohol and chloral hydrate It occurs 
as a white powder and is relatively stable in air, but exposed to light 
it hydrolyzes, yielding hydrobroraic acid. Consequently , it is nlnnjs 
packed in dark bottles. 

As a rule, SO mg. per kg. of body weight is administered rcctally. 
The official preparation is a solution in amjlene hjdrate, uhich abo 
possesses hypnotic properties, and each basal dose of tribromoethanol 
contains 40 mg. of this solvent. Absorption is quite rapid, 50 per cent 
being absorbed in the first ten minutes, 95 per cent in twenty -fixe min- 
utes. The average duration of hypnosis is two ami one-half hours. 
The concentration in the nervous tissues quickly reaches a maximum 
and remains after complete disappearance from the blood, hhmnattm 
is chiefly through the kidneys, in a conjugated form with glucuronic 
acid. Seventy-five per cent is eliminated in forty-eight hours, hut it 
requires approximately seven days for complete excretion to take place 
Anivlenc hydrate is eliminated unchanged through the lungs and Kidney . 

Its action is predominantly that of central nervous system depression, 
but^ occasionally excitation is observed with small doses and as an 
initial effect with larger doses. 

Avertin generally causes a greater depression of the respiratory center 
than ether or chloroform, a fact which is of some significance when u 
is used with prc-ancsthctic medicaments such as morphine. A temporary 
slight fall in blood-pressure is also often encountered although the pvUr 
rate may he increased. In one scries of patients, the* «a« fmiuu to 
parallel a decrease in blood volume. After much larger do<c< a depres- 
sion of the vasomotor center and injury- to heart and blood-vc^els have 
been described. Degenerative changes in the liver, kidney, arid colon 
and acidosis have been reported after <!o«cs greater than these now 
recommended nod some authorities consider preexisting pathology ol 
these organs n contraindication to its use. In addition, general rtriaiiAtr 
process arc diminished about 15 per cent, and glycogen stores m the 
liver nn* considerably depleted. Intracranial procure is cfeimwi. 
thus making it valuable as an adjunct anesthesia in neurosurgery . » »'<* 
pupil t constrict, hut ordinary* c>e and other reflexes are not abomh«j 
An increase in blood sugar is the rule, but this b rot usually tnineml 
in the secretion of urine. Tribomocthanol does cauvr albuminuria in 
29 per cent of the cases and should be used with caution tn hepatic 
20 
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disease. Clotting time' is increased which may be a disadvantage in 
certain operations. 

Used as a basal hypnotic, induction is pleasant, and the mental dis- 
tress and irritation of the respiratory tract involved in the induction of 
anesthesia by volatile anesthetics are avoided, and it is generally agreed 
that vomiting is less frequent than after ether or chloroform. Further- 
more, an amnesia usually occurs extending from the beginning of 
induction until several hours after the operation. Of course, avertin 
has the disadvantage common to all non-volatile anesthetics of the lack 
of control of its action following administration. Also close nursing 
attention is required postoperatively to prevent respiratory accidents 
such as the falling back of the tongue. 

No satisfactory conclusion is yet possible concerning the relative 
safety of avertin in comparison with other anesthetics, but being a 
halogenated compound, it may damage the liver. A number of deaths 
have been reported following its use, but most of them have been due 
to doses larger than recommended for basal narcosis. Under no cir- 
cumstance should the dose of the solution of tribomoethanol exceed a 
total of 6 to 8 cc. for women and 9 to 10 cc. for men, regardless of weight. 

Its chief uses as a basal anesthetic prior to general anesthesia are in 
neurosurgery, pulmonary disease, and biopsy procedures. Experience 
in its use is of paramount importance, and it should never be admin- 
istered without a full appreciation of its toxic potentialities. Aside 
from its use in general surgery, it has been used successfully in smaller 
doses (60 to 70 mg. per kg.) in obstetrics during the second stage of 
labor, but this is probably not a wise procedure. Favorable results 
have also been reported from moderate repeated doses in the control of 
maniacal attacks, status epilepticus, and eclampsia. Recently, it has 
been employed with good results in the treatment of tetanus. In this 
condition, it is used for the control of the muscular rigidity and con- 
vulsions, in conjunction with large doses of tetanus antitoxin. The 
tribromoethanol is given by rectal injection in a sufficient dose to produce 
relaxation and quiet and is then repeated at intervals, of six to eight 
hours as required. It may be necessary to keep the patient under the 
influence of diminishing doses of the drug for several days. Contra- 
indications to the use of tribromoethanol include hepatic and cardiac 
disease, shock, old age, acute pulmonary tuberculosis, obesity, enteritis, 
acidosis, and marked hypothyroidism. 

General anesthesia produced by alcohol (p. 266) has already been dis- 
cussed. The intravenous use of barbiturates (pentothal sodium and 
evipal) to cause complete unconsciousness will be taken up under the 
section of hypnotics (p. 310). 

Preparations 

Liquor Tribromoaithanous, solution of tribromoethanol (U. S. P*)i * 
solution of tribromoethanol in amylene hydrate containing in each 100 cc. n 
less than 99 grams and not more than 101 .grams of CsH s Br 3 0. Dose, for ea 
kilogram of body weight, 0.06 cc. 

Caution .—' The total amount administered should not exceed 8 cc. for worn 
or 10 cc. for men, regardless of weight. 
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Tbibromojethaxol, tribromoethyi alcohol (BriC.CH»OH) (U. S P.J, con* 
tains not less than 99 per cent CjHiBr»0. It is a white cmtaikce powder with 
a Blight aromatic odor and taste and is unstable in air and light. One gram is 
soluble in about 35 cc. of water, and it is very soluble in amyiene hjdrate 
Dose, rectal (for each kilogram of body weight), GO mg. 

Caution. —The total amount administered should not exceed 8 grams for 
women or 10 grams for men, regardless of weight 

Alcohol, Tnt doom oethvli cum. tribromoethyi alcohol (il i ) u cc in- 
bromoxthano! (U. S. P.).) Dose, by rectal injection, 0 073 to 0 1 gram per kilo- 
gram of body weight. , , , ITt n . , , . „ 

BftOMETHOL, bromcthol, solution of tribromoetbj i alcohol (B P ) A solution 
of tribromoethyi alcohol in amyiene hydrate Bach mil contains gram o 
tribromoethyi alcohol. Dose, by recta! injection, 00<o to 0 1 mil per kilogram 
of body woight. 
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Special Considerations 

A resume of the chief aspects of the most important 
is given in the accompanying Tabic, but a discussion 
factors common to all seems pertinent at this point , » 

Much has been written regarding the relative advai ucn z 

spinal methods as comparcti to the inhalation mc . 1 . ( j 

anesthesia. Many surgeons feel that an -tgmne nt n, » « nee the 
snteral anesthetics nlisoltltcly prevent nertous n| P ( | 

anxiety in the operating room, hurthormorc. '"“J 

anil similar tvpes of anesthesia require m»rc exa g ,j [ w . 

the potential dangers are Rtvater. Althoofh mtnn.s 
cyclopropane, and vinethenc are being u-cd with me . - pleasant 

ether U still used extensively after induction «ji ' v j,,^ ‘ uvr< j 

agent. Chloroform, liecausc of its untoward fiT * ’ . *,)<. n , R J, 3V ,J 
rrihromoctlianol in experienced hands has pro 

‘Tv'lainc of Premedication .a of pent ,mp,.rtan^ m .^rral^an^ 

the-ia. hut no standardized procedure should he nil administered 

Present, an individual problem. in txneral. *' n '^ “7 “ „ d«^' 

'"lore anesthesia to allay j»>chir fear am! »PP miuee the 

^ activity, to decrease ox.rc.i ™»..umpUon nral 

amount and concentration of the ancsthcuc u • ‘ % ar ^thrti<- 

N that pre-ancsthcttc me heat ion diouldonlyl^ 

is to 1* administered by the elo«ri meth«l since P , j 

«W.v dquvvcd by morphine when open or 

This nerd not \k true if the do«- «* motphm.^ otrnp. . . ^ 

*»vl barbiturate be judidoudy chosen As “ _j ' ^tA. 

dov? of barbiturate is given the night be.ore the t>, ■ * 
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early on the next morning. In addition, 10 to 16 mg. of morphine plus 
0.4 mg. of atropine or scopolamine are administered thirty to forty- 
five minutes prior to the administration of the anesthetic. Whether 
scopolamine or atropine is to be preferred depends chiefly upon the 
experience of the anesthetist and surgeon since in the dose used it is 
doubtful if scopolamine contributes greatly to increased respiratory 
depression as compared with atropine. The decrease of mucus during 
ether and vinethene by the previous administration of atropine is 
helpful, but it may be a factor in the increased formation of atelectatic 
plugs. With other general anesthetics, neostigmine and morphine may 
be superior (see Morphine, p. 316). Preoperative medication is especially 
valuable prior to nitrous oxide and ethylene anesthesia since the con- 
centrations necessary are considerably reduced. Barbiturates also have 
this property which will be discussed later (see p. 329). The use of 
tribromoetlianol has already been mentioned (p. 300). Preopera tivc 
medication given properly has no significant effect on the usual signs of 
anesthesia except one may always expect the pupil to be contracted in 
planes one and two when morphine or a combination of morphine and 
atropine is used. 

In the elderly patient ether is perhaps still the safest anesthetic in 
the hands of the inexperienced, but cyclopropane is probably the agent 
of choice. Nitrous oxide and ethylene should be avoided because of the 
danger of anoxia. 

The most recent adjunct in general anesthesia has been the use o f 
curare in the form of an assayable commercial extract known as “intocos- 
trin.” The pharmacology of curare will be discussed later (p. 423), 
and it will suffice at this point to repeat that its principal action consists 
in preventing the effector substance of voluntary muscle from reacting 
to acetylcholine. However, until McIntyre obtained a substance free 
from the undesirable side effects of ordinary curare, clinical use of this 
drug was not possible. 

According to Cullen, “intocostrin” should not be used to produce 
increased muscular relaxation in cases where incomplete relaxation Is 
due to poor choice of the anesthetic, faulty technique?, or ignorance of the 
physiology and pharmacology associated with anesthesia. He recom- 
mends it when it is not possible to attain sufficient relaxation except by 
increasing the concentration of the anesthesia to a near-toxic level. 

In practice, “intocostrin” is administered intravenously once the 
second plane is reached or when the abdominal skin incision is made. 
Most adults tolerate 0.060 gram (3 cc.) of “intocostrin” as an initial 
dose. As much as 0.100 grams total may be given if muscular relaxation 
is not complete. Respiration is usually depressed by doses necessary 
to cause muscular relaxation, but it only lasts about five minutes. 

Curare has chiefly been used with cyclopropane anesthesia, and it is 
believed that it may somewhat decrease the possibility of arrhythmias 
due to this gas, but experimental data on this point is not conclusive. 
Curare has also been used with nitrous oxide, ethylene, and ether anes- 
thesia. With ethylene, larger doses are needed and respirator}’ depres- 
sion is more marked. When ether is the anesthetic agent, the dose of 
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curare must be reduced by one-third as compared to the amount used 
with cyclopropane .since ether per so possesses a curariform action. 

, Usual premedication techniques are employed when curare is used 
and no interference with the anesthesia has been noted. No post- 
anesthetic complications have been reported when curare is used, but 
it should be emphasized that neostigmine, its direct antagonist, should 
be immediately available at all times if respiration becomes dangerously 
depressed. 

In the hands of the skilled anesthetist, curare will prove a valuable 
adjunct in inhalation anesthesia, provided its potential dangers are 
always kept in mind. 
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in. SEDATIVES AND HYPNOTICS 
1. Chloral Group 

Some twenty years after the introduction of the anesthetics, a new 
interest was given to the methane series by the examination of chloral 
hydrate (CC1 3 CH(0H) 2 ) by Liebreich. Henceforth, the attention of 
investigators was diverted from the quest of anesthetics to that of 
hypnotics with the result that a number of valuable drugs have been 
added to therapeutics. These compounds have the same general action 
as the anesthetics but arc used only to produce the first effects of im- 
perfect consciousness or sleep. The anesthetics might be used for this 
purpose were it not for the comparatively short time during which their 
action persists. Hypnotics are required to produce a slight but lasting 
effect, and for this purpose the gradual absorption from the bowel is 
better adapted than the rapid absorption and equally rapid elimination 
by the lungs. The narcotics are, therefore, less volatile than the anes- 
thetics and ought to be soluble in water and not irritant in the stomach 
so as to permit of rapid absorption. The most widely used members of 
this group are chloral, phcnobarbital, and other barbiturate derivatives, 
but many others have received attention. 

They all resemble each other in their general hypnotic action, and 
that of choral may be taken as typical of all; in their other characters 
some differences are presented and these will be taken up for each indi- 
vidual drug. Larger doses of some of these hypnotics have been used 
to produce general anesthesia, but at the present time they are not usea 
for this purpose but are administered in order to induce a hypnotic 
effect prior to the administration of anesthetic. 

Symptoms.— Chloral in 1 to 2 gram doses produces drowsiness and 
weariness which soon pass into a condition resembling natural sleep 
very closely, from which the patient can be awakened by ordinary 
means, such as touching, loud sounds, or pain. The respiration an 
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pulse are rather slower than in waking moments but scarcely more so 
than in natural sleep, and the somewhat narrowed pupil and unaltered 
excitability of the reflexes are also common to both conditions. As a 
general rule, the sleep passes off in five to eight hours and leaves no 
unpleasant^ results, but sometimes headache, giddiness, and confusion 
arc complained of. Occasionally, no real sleep is produced by chloral, a 
condition exactly resembling alcoholic intoxication following its admin- 
istration and continuing for some time. 

When larger quantities, 5 grams, are taken, the sleep is much deeper, 
the patient cannot be aroused to complete consciousness, the reflexes 
are distinctly lessened, and the sensation of pain is less acute although 
no complete anesthesia is present. The respirations are fewer, and the 
pulse may be slow and somewhat weak. The sleep lasts very much 
longer (ten to fifteen hours), and nausea, vomiting, headache, and con- 
fusion often remain after consciousness is regained. In still larger 
quantities, chloral produces a condition resembling the third stage of 
anesthesia. The reflexes are entirely absent, and no movement is elicited 
by painful operations; the muscles are completely relaxed, the respira- 
tion and pulse are both slow and weak, and eventually asphyxia occurs 
from paralysis of the respirator}' center. The heart continues to beat 
for a short time after breathing ceases. The pupil is often contracted 
to pinhole size before death in fatal poisoning. 

Action.— The Central Nervous System is depressed and eventually com- 
pletely paralyzed by chloral and its allies. Unlike the anesthetics and 
alcohol, however, chloral rarely causes excitement. The results of 
psychological experiments on the effects of small doses of the narcotics 
seem to indicate that they all depress the sensory or receptive functions 
of the brain while its motor activity is much reduced by chloral and 
sulfonal but may appear to be actually increased by paraldehyde; this 
apparent stimulation is analogous to that under alcohol and may be 
explained by lessened control. The sleep induced by the dulling of the 
perceptions may be interrupted by more intense stimuli from without. 
In particular, acute pain may prevent sleep after chloral, which seems 
to have no specific effect on pain sensation such as is possessed by 
morphine. In larger quantities, however, even very great disturbance 
of the environment produces no interruption of the sleep, and the reflex 
response to irritation is very much lowered. The motor areas of the 
brain cortex are rendered less irritable by chloral and eventually fail to 
react to the strongest electrical stimulation. The reflexes of the spinal 
cord are depressed and finally paralyzed before the failure of the respira- 
tion; this depressant action on the spinal reflexes is much more marked 
than that seen under morphine. The last part of the central nervous 


center and the volume of the inspired air are very similar in the two 
conditions. As the dose is increased, however, the respiration becomes 
very slow and weak and finally ceases from paralysis of the center. 

The Heart is slower after chloral in moderate doses but scarcely more 
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so than in natural sleep. There is often some flushing of the face and 
heatTfrom some obscure central action, but the blood-pressure is little 
affected in the therapeutic use of the drug. In poisoning, the blood - 
pressure is reduced by weakness of the vasomotor center and of the heart, 
the latter manifesting itself also on slowing of the pulse. This action 
on the circulation from poisonous doses is more in evidence under chloral 
than under the other hypnotics which do not contain chlorine. The 
same difference is met with in ether and chloroform, of which the latter 
affects the circulation more strongly. The action on the heart in chloral 
poisoning resembles that of chloroform, the auricles being affected 
sooner than the ventricles and the strength of contraction failing more 
than the rate. 

Locally, chloral lias an irritant action and hence must always be 
prescribed in dilute solutions to prevent nausea and vomiting. This 
irritant action induces redness and even vesication when chloral is 
applied to the skin. It is rapidly absorbed when given by the mouth 
and is carried to the central nervous system where it is taken up by the 
cells until they contain more than the blood corpuscles or the cells of 
other organs, such as the liver. 

The effects of chloral on the tissues have been found to correspond 
to those of chloroform in character but are very slight. Fatty degenera- 
tion of various organs has been caused in animals by prolonged admin- 
istration of large doses with evidence of renal involvement as manifested 
by the appearance of red cells and casts in the urine. Chloral was 
formerly supposed to lead to glycosuria, but the reducing action of the 
urine of patients following the administration of chloral is due to chloral 
itself or a substance derived from the drug rather than to glucose. 

It has generally been accepted that chloral is reduced in the tissues to tri- 
. . . v . >'•».- * 

by 

. ; ■ i of 

/ed 

ne. 

■ _ 1 1th 

glucuronic acid, but how much combines in this way and whether the reaction 
product is excreted or further modified has not been determined. Some escapes 
by the kidneys unchanged, however, and some is thrown into the stomach, and 
this may contribute to the nausea and discomfort felt after awaking in some 
cases. . 

The old idea that solutions of chloral hydrate and alcohol resulted in the 

'"Asa matter 

• ■■ in for chloral 

■ inistered, the 

absorption of the chloral is increased, but it is doubtful it chloral atcobolate 
can be formed in the body (Adams). 

The other hypnotics of this series, with the exception of chloralose, 
have effects similar to chloral as far as their action on the central nervous 
system is concerned. The chief difference in their effects is seen in the 
circulation and metabolism, which are even less affected by those which 
do not possess substituted chlorine atoms. 
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Paraldehyde5(CH 3 'CHO)j, a polymer of acetaldehyde, resembles 
alcohol in its effects though it is a much more pon erful hypnotic and 
rarely induces any symptoms of excitement. It docs not affect the heart 
directly even in large doses and has no such effects on the protein 
metabolism as have been observed under the prolonged administration 
of chloral; the puhc is slightly slower and the carbonic acid exhaled is 
less than normally, but these changes are due to the muscular move- 
ments being lessened and are hardly greater in extent than occur in 
natural sleep. Although very large quantities have been taken without 
fatal results, and in fact without any more serious consequences than 
prolonged unconsciousness, this drug accidentally given in too large 
quantities has not infrequently been the cause of death (MacFall, 
McDougall and Wyllie, Kotz, Shoor and others). 

Deaths have been reported from the ingestion of 25 cc. and the rectal 
injection of 12 cc. One might consider that the variability in amounts 
causing a fatality could be explained on rate of absorption or upon an 
idiosyncrasy to the drug. It is recognized that the latter factor plays 
little if any part in the toxicity of paraldehyde. However, since 80 
per cent is believed to be destroyed in the liver, presence of hepatic 
dysfunction presumably might be of great importance since impaired 
function of this organ would delay the absorption and destruction of 
paraldehyde and thus increase its toxicity. 

The intravenous use of - • • • .... ’ ' 


mng of the right ven- 


Heller). 

Paraldehyde is excreted in part by the lungs though mainly in the 
urine, and the odor remains in the breath for some time after the patient 
awakens. Paraldehyde has a most unpleasant odor and a hot, burning 
taste, which renders its administration somewhat difficult. It may 
perhaps be best given on cracked icc or in iced wine. It may also be 
given by the rectum, and this route is particularly practical in maniacal 
or otherwise disturbed patients 
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The use of the sulfonal group, especially when prolonged, has led in many 


■ ' ' ■ is recognized early, death may occur if 

fact that these drugs are destroyed or 
. . . ■. tendency to produce cumulative effects 

with symptoms of chronic poisoning. For this reason, they are not suited for 
prolonged administration and hence are non’- rarely used. 

Butyl chi oral Hydrate (CjH*ChCH(OH),) is similar in action to chloral hydrate, 
but it is less irritating to the stomach. 

Chloralose (C»H u ChO«) is prepared ' '* ’ * "V'.'V 

with anhydrous chloral (CChCHO). 
chloral, depressing the psychical fun 

convulsions resembling those of strvemmie may ue prouuceu. me uean « 
comparatively little affected, and tne respiration remains strong unless very 
large doses ' * '• '• ' ’ ’ 1 ’ '* ’ ”■ 

distinctly < ■ 
of this dn ■ 
clinically to any extent. 

**_ 1..*. . t* ..,i i.ix. i . i.: — i /tr\ rt ' ^■'“vTTr'nr r>rJ % t.. 


Urethane, or ethyl carbamic ester (ethyl carbamate) (CONHjOCjHt), is 
chemically related to urea and to carbromal. In man, its hypnotic actions are 
weak an djn constant, but it may be worthy of a trial in slight degree of sleep- 


* ' * 1 ' j- —4 < — * -* — < ^-.nefor 

ia. 

l*OH), 

Ve;y 

)toms, 

by the use of smaller doses than are neces- 
tlj-zes the terminations of the sensory nerves 
mien it is applied locauy aim uas proved of value as a local anesthetic but is 
not used much clinically for this purpose although it can be injected as a satur- 
ated solution . For a review of the effects of this drug on respiratory processes, 
see Michaelis and Quastel. 

Tolerance is soon acquired toward several of these drugs and when 
it is developed for one, larger doses of any of the others are required 
in order to produce sleep. Tolerance for alcohol also involves the use 
of larger quantities of the hypnotics and in fact often leads to the com- 
plete failure of any except the most powerful. 

Not infrequently the hypnotics lead to skin eruptions, especially when 
used for some time. These assume various forms, most commonly ery- 
thema, but urticaria, purpura, papular eruptions, and blisters may also 
occur. 

Habit. —Prolonged abuse of chloral leads to a condition somewhat 
resembling that seen in chronic alcoholism or morphinism and marked 
by general depression and cachexia, with impairment of the mental 
powers, digestive disturbance, and exanthemata. The sudden with- 
drawal of the drug in these cases has sometimes led to symptoms resem- 
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bling those of delirium tremens. Cases of sulfonal and paraldehyde 
habit have also been reported. 

Preparations 

Amtxeni Hydros, amylene hydrate, tertiary amyl alcohol (C t H„0), U. S. P., 
~ ’ ’ ’ * 1 ’ . camphor-like odor and burning taste One 

. ■ er. It is freely miscible with alcohol. Dose, 


Chloralis Hydi- - 
occurs as colorless, 
odor and a slightly 
dissolves in 0 25 cc. 


n 

I. 


occurs as a lustrous, white, odorless slightly bitter powder soluble in 320 parts 
of water and in 12 parts of alcohol. Dose, 0.3 to 1.2 grams 
Paraldehydum, paraldehyde (C«H,iOj), (U. S. P , B. P-), is a colorless 
transparent liauid with a strong pungent odor and a disagreeable. taste One cc. 
is soluble in about 8 to 9 parts of water and is miscible with alcohol. Dose, 
4 cc. (U. S. P-). 2 to 8 mil. (B. P.) 

Sur.rno.VAi., sulphonal ((CHi)*C(SO a .CiH*)*)» (B. P.) occurs as a colorless, 
odorless, prismatic, white, crystalline powder soluble in 450 parts of water, 
15 parts of boiling water and in 80 parts of alcohol. Dose, 0.3 to 1 2 grams. 
Urethanum (B. P.), urethane, NH f COOC,H 4 Dose, 1 to 2 grams. 
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2. Barbituric Acid Group 


In 1903, Fischer and von Mering introduced veronal (now known as 
barbital), diethylbarbituric acid (diethylmalonylurea), as a hypnotic. 
It has been estimated that more than 1200 homologues of this substance 
exist; more than 100 have been studied pharmacologically and more than 
thirty have been recommended for therapeutic, use. It may be stated 
that the chief difference between barbital and the other barbituric acid 
derivatives is due to a difference in length of action. Alterations in 
chemical configuration are responsible for the chief differences between 
barbital and its derivatives. This is reflected in the rate of destruction 
by the liver and excretion by the kidney, which in turn determines the 
length of action of each compound. These factors also play a part in 
the potential toxicity of the various derivatives. 

Barbital is related chemically to urea and to hypnotics of the car- 
bamate series. If urea reacts with malonic acid, barbituric acid is 
formed. 




•NHi 


HOO V“ 

OC V 


/Ti 

Hoac-^NH 

Malonic acid 


HN — C = 

HN- 
BarbUuric acid 
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When the hydrogen atoms of the end carbon are substituted by ethyl 
groups, barbital or diethylbarbituric acid results. One or both of the 
ethyl groups may be replaced by other alkyl, aryl, or complex cyclic 
radicals leading to the formation of various barbituric acid compounds. 

Generally speaking, the hypnotic property of a barbituric acid deriva- 
tive depends upon the type of substitution in the barbituric acid mole- 
cule. Replacement of a hydrogen atom by a phenyl group decreases 
cortical motor activity; complex cyclic substitutions decrease stability 
and increase destruction in the body; replacement by long side chain 
radicals may make the compound exhibit convulsive properties. In 
addition, barbituric acid compounds possess the ability to form salts 
which are freely soluble in water, the acid being almost insoluble (cf. 
table on pp. 318, 319 and 320). 

The barbiturates are probably misused more than any other group 
of drugs. This results often from the failure of the physician to familiar- 
ize himself with the relative merits and differences in action of the 
various members of the group and using them indiscriminately. 

Pharmacological Action.— The effect on the central nervous system is 
the most important action of these drugs, and the action is essentially 
sedative and hypnotic. More analgesia is produced than with chloral 
hydrate (especially seconal), but this is not as marked as with drugs 
of the antipyretic group. The localization of barbiturates in the central 
nervous system has been demonstrated by numerous studies. Kecser 
and Keeser found the greatest concentration in the diencephalon— 
especially In the thalamus— in contrast to the cerebral hemispheres. 
The former region is of particular significance in the phenomenon of 
sleep. Barbiturates probably interfere with glucose oxidation in the 
brain. (Dameshek et al.). With usual sedative doses and in the absence 
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o l pain, sleep is induced in about thirty minutes and lasts from three to 
five hours. Duration of action and the after-effects depend upon the 
barbiturate used. Alurate appears to be somewhat cumulative and 
along with large doses of barbital may cause a slight hangover. As a 
rule, however, patients awake refreshed and suffer no HI feelings the 
morning after the drug is taken. 

The substitution of one ethyl group in barbital by a phenyl radical 
makes phenobarbetal especially active against increased motor activity 
of the cortex. While all the barbiturates possess anti-convulsaat prop- 
erties when given in large doses, phenobarbital has a selective action 
and is preferred in epilepsy and other convulsive states. 

Depression of a descending nature, similar to that of the general 
anesthetics, can be produced bv large doses of the barbiturates, but the 
activity of the vital centers is so markedly reduced that only evipal and 
sodium pentothal should be used for this purpose. (See Uses, p. 324.) 
Amytal administered intramuscularly causes a profound quieting effect 
on the neuromuscular system as measured in terms of action-potentials 
(Jacobson). 

With ordinary doses, barbiturates affect refiezrt only slightly. Indeed, 
the red exes may be increased in some instances, and it requires large or 
anesthetic doses of these compounds to eliminate them entirely. Amytal 
and pentobarbital (nembutal) may occasionally cause excitement in 
children and old people. 

The effect of the barbiturates upon respiration b slight when ordinary 
doses are administered. Toxic doses depress respiration through a direct 
central effect and depth as well as rate b decreased. When given in 
conjunction with morphine, barbiturates are additive in their depressant 
effects upon the respiratory center. Amytal and petr.oston appear also 
to depress respiration through decreased carotid stnu* reflexes. Pul- 
monary edema is not an uncommon occurrence with large do-es of the 
barbiturates of which perhaps amytal b the more frequent cau-'e. Ijirge 
doses of these compounds seriously impair respiration, and if death 
occurs, it is due to paralysis of the respiratory center 

The circulation is little affected with therapeutic hypnotic do-es of 
the barbiturates. The pulse rate and blood-pres-ure are slightly de- 
creased a 3 in sleep similar to the effect upon respiration. There is no 
indication that the myocardium is directly damaged even with Urge 
doses, although the vasomotor center is markedly depres-ed in acute 
poisoning and peripheral vasodilatation results. Experimentally, Marri 
and Martir.etti found that barbiturates sensitize the carotid sirns to 
epinephrine, but clinical experience does cot bear out this finding. As 
a matter of fact. Baxter and Robbins report that small di"-es cf amytal 
prevent cardiac irregularities caused by cyclopropane. 

Barbiturates are often Used to reduce the terms of the 5 ut-o-tr tcxt,rsl 
tract. This action is not marked b*;t is constant, and the effects are 
chicfiy due to the central hypnotic action of these drugs altb< ugh 
Gruber has reported a direct depression cf mrestmai tene r. nw. 

The barbiturates prtxi'.ce cany MjceHanwra effects, hut the'c are 
of didactic interest only Lizc* f^rctu-r. b net decreased by hypnotic 



Compound Duration of actionf by by 

(sodium salt - S) Chemical name and formula* (approximate) liver kidney Special effects 

Alurato— S Allyl-isopropyl 0 005-0 13 — 20-25 Apt to cause "hangover." Cumulative 
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doses, but some of the glycogen stores arc depleted when anesthesia is 
produced by sodium pentothal. The short- and moderate-acting com- 
pounds are destroywHn the liver, and the presence of hepatic dysfunc- 
tion will increase tbeir toxicity. 

Ordinary doses of the barbiturates usually cause some oliguria followed by 
polyuria with return to normal in about twelve hours. Larger doses decrease 
water diuresis and may cause partial anuria if the blood-pressure has been greatly 
lowered. The long-acting compounds are excreted chiefly by the kidney ana 
hence renal impairment increases the toxicity of this group. The possibility 
that certain barbiturates may affect the action of diuretics is suggested by the 
work of Nyary on rabbits. He reported that phenobarbetal usually increased 
the diuretic effect of such substances aa caffeine, theophylline, salyrgau, hyper* 
tonic sodium sulfate, sodium chloride, and urea. In addition, alurate is said to 
increase salyrgati diuresis while barbital has no effect on water excretion follow- 
ing the intravenous injection of physiological saline Dc Ilodo and Prescott 
found that phcnobarbital, amytal, and pentobarbital sodium inhibited water 
diuresis only if some part of the neurohypophysis wa9 functioning. By contrast, 
however, pnenobarbital even in large do^es did not consistently inhibit diuresis 
produced by isotonic sodium sulfate and isotonic sodium chloride 

The barbiturates produce little if any effect upon metabolic processes 
unless large doses are administered. The Wood chemistry is somewhat 
altered by junytal and evipal, the former decreases the pH, causes mild 
hyperglycemia, and slightly decreases the calcium content. Evipal 
reduces the oxygen capacity and causes a slight increase in blood sugar. 
Barbital is said to increase the clotting time of the blood. The nvUmomic 
e fleets of the barbiturates vary remarkably. Evipal, pentobarbital, 
ortal, and amytal antagonize vagal effects while pentothal is said to 
enhance vagus activity. Pentobarbital and nmytal are perhaps more 
prone to cause idiosyncric ejects, such as excitement and restlessness. 
“Hangover” is probably more often seen with the longer ncting com- 
pounds, such as barbital and alurate. Unlike the atypical effects of 
morphine, sex appears to play no part in these reactions. With ordinary 
dosea intracranial pressure is little affected. Large doses enme some 
decrease with a usual subsequent Increase in spinal fluid pressure if 
acute poisoning results (Rcifcnstein and Rcifcmtciu). 

Barbiturates arc easily absorbed from the intestinal tract, from 
muscle, subcutaneous tissue, and rectum. Hence they may l>c admin* 
istcred by all routes as nbm e, and in addition, the thio-derivntives arc 
injected intravenously. None of the other compounds should t*e given 
by vein, and it is doubtful that they ev en need to be given by any form 
of injection. Barbiturates readily pass the placental barrier and arc 
distributed in the fetal tissues Indiscriminate use of them during 
lalxir may markedly depress respiration in the fetus. 

Excretion — As already indicated, long- and moderate-acting barbitu- 
rates arc excreted chiefly by the kidney. Excretion i> not rapid, how- 
ever, since ten days after a single dose of barbital, traces may lie found 
iu the urine. Phenoharbital, alurate, amytal, ip ns I, and phsnodom 
arc also eliminated by the kidney but to a less extent than barbital. 
With large do'cs of any barbiturate, small amounts may spill over am! 
be excreted by the kidney. Hie short and nUra-diort compounds are 
21 
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destroyed in the liver in a period of time paralleling their duration of 
action. 

The importance of the kidney in the elimination of barbital is further 
shown by the fact that experimental animals with severe nephritis 
never recover from the depression caused by barbital, while similar 
animals to which are given barbiturates, which are not eliminated by the 
kidneys, recover from the effects in spite of the kidney condition. 

Koppanyi and Dille have shown that rabbits, given daily fractions 
of the lethal dose and excreting only about one-half of that administered, 
should theoretically in time store several times the fatal dose in their 
tissues, and yet they show no severe depression. In contradistinction 
to rabbits, cats show continuous depression during the period of drug 
administration and eventually die in barbital coma. The increase in 
resistance in rabbits is apparently due to an enhancement in the ability 
of certain tissues, probably the liver, to oxidize the barbital. This 
destruction is further shown by the fact that only small amounts of the 
drug are found postmortem in the body. Also the amount which is 
found in the blood during the course of treatment steadily increases 
for a time and then begins to decline. 

A new classification of barbiturates based on the site of their 
detoxification has been proposed by Masson and Beland. These 
authors partially hepatectomized and completely nephrectomized rats 
and then compared the length of sleep produced by various bar- 
biturates in normal and operated animals. They called the ratio of 
average duration of anesthesia of control anima ls “; n( j ex 0 f j n . 
average duration of anesthesia of operated animals 
toxication,” and the higher the index, the less of a given barbiturate 
was destroyed by liver or "detoxified” (excreted) by the kidney. (See 
Table, p. 318.) Finally, they report the unusual finding that pentothal 
is not destroyed to any extent in the liver or kidney but rather is 
possibly detoxified in all tissues of the body. 

Antagonism and Synergism.— The efficiency of barbituric acid com- 
pounds in the treatment of poisoning from cocaine, strychnine, and 
similarly acting drugs has been demonstrated by numerous workers, 
both on experimental animals and clinically. Convulsions may be 
controlled by the intravenous injection of suitable barbiturates, and the 
lethal dose of strychnine and cocaine in animals may be increased from 
two to four times by administration of barbituric acid preparations. 
In certain clinics, these compounds have been used routinely previous to 
procaine infiltration as a protective measure and to increase the anes- 
thetic effect. 

The stimulating effect of caffeine and ephedrine in barbiturate 
narcosis is generally recognized, and it has been demonstrated that 
within certain limits the effect of picrotoxin can be neutralized by 
barbital. Also, Tatum and his co-workers, as well as other observers, 
have ascribed to picrotoxin a superiority over a number of suggested 
antidotes in acute barbiturate poisoning. 

Barbiturates, while possessing little .analgesic power, have the prop- 
erty of increasing the analgesic potency of the salicylates and of amino- 
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pyrine- la addition, they significantly reduce the concentration of 
drugs used to produce general anesthesia. This is especially true when 
cyclopropane is the agent'Used. DeNito has reported a potentation of 
the narcotic action of barbital by acetyl-beta-methylcholme, and 
Slaughter has shown that neostigmine increases the hypnotic action of 
barbital, alurate, and pentobarbital. 

As regards their margin of safety, several of the derivatives of barbital 
are more actively hypnotic than the parent substance and may be pre- 
ferred, especially as sedatives. However, there is no satisfactory evi- 
dence that the margin between the therapeutic and toxic doses of these 
derivatives is significantly ■wider than in the case of barbital itself. On 
the basis of a ratio between the effective dose and toxic dose, Adriani 
lists the margin of safety in order as phenobarbetal, barbital, amytal, 
pentobarbital, dial, neonal, and sandoptal. In any instance, when used 
properly, the barbiturates possess a low toxicity, but if used indis- 
criminately, they arc dangerous drugs. 

Poisoning, Habit Formation and Tolerance.— Much is still to be learned 
concerning the manifestations of idiosyncrasy and overdosage of the 
newer compounds, but they do not differ markedly from those of barbital 
and pbenobarbitai In fact, most of the toxic signs and symptoms 
described in connection with the earlier compounds have been experi- 
enced with those more recently introduced 

The importance of poisoning and habit formation becomes very ap- 
parent when it is realized that in 1940 more than 1,500,000,000 grams of 
barbiturate compounds were sold. Furthermore, suicidal deaths for the 
year 193G due to barbiturates numbered 300. From 192$ to 1937, one 
out of every 1900 admissions from thirteen hospitals (total admissions, 
1,250,000) suffered from acute barbiturate intoxication, and the fatality 
rate was 7.3 per cent. Death was most often due to barbital, pheno- 
barbetal, and amytal, but this probably indicates only that these drugs 
were more easily procurable than some of the other compounds. At 
autopsy, splenic engorgement, pulmonary stasis, and hemorrhages of 
the cortex have been reported. Amytal and pentobarbital arc usually 
more apt to cause gross and microscopic pathological changes. 

Symptoms of acute barbiturate poisoning arc chiefly those of cerebral 
and medullary depression, hut on occasion, mild convulsions interrupt 
the stupor and coma before death ensues. The pupils are often pin- 
point and morphine poisoning must he ruled out. Skin eruptions some- 
times occur, but they ore usually not serious in nature. YViccr and 
Baer report ft fatal case of exfoliative dermatitis due to pbenobarbitai,* 
a rare occurrence. Amounts necessary to cause death cannot be accur- 
ately stated but fifteen times the ordinary hypnotic dose endangers life 

Richards reports that the toxicity of pentothaf and pentobarbital tn (roc* is 
increased by lowered temperatures and by hypcrthyroid activity caused by 
thyroxin administration. In mice, adrenalectomy increases the toxic effects of 
these drujrs 

Indiscriminate sale of the barbiturates has not only led to acute 
poisoning, but of greater economic importance is the increase in habit 
formation with foiernnee and ttni-adJicfton os the end result. While 
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addiction in its strictest sense (appearance of serious symptoms upon 
withdrawal) may not occur, habituation is common. Hambourger has 
stated that the barbiturates account for one-tenth of all drug habits 
and that one-third of all patients developed a craving when the drug 
was withheld. All of the barbituric acid compounds may cause a chronic 
habit, but amytal and pentobarbital are considered to be most often 
responsible. Definite tolerance develops to barbiturates but not- to the 
extent seen with morphine addiction. 

Nystagmus is present in 66 per cent of cases of chronic poisoning due 
to the barbiturates and convulsions occur in 10 per cent of all cases. 
In the mild cases, euphoria is common and mania may be the end result. 
The Romberg sign is usually positive and motility disturbances are of a 
cerebellar nature. In contrast to the bromide rash, the cutaneous 
lesion produced by barbiturates is usually urticarial in nature and is 
spread diffusely on the trunk and extremities. 

In cases of acute poisoning with the hypnotics, the general treatment 
consists in the immediate evacuation of the stomach by the stomach 
tube. Emetics are of less value owing to the depression of the medullary 
centers. The patient ought to be kept warm, and analeptics should be 
given to stimulate respiration. The complete failure of the breathing 
has to be met by artificial respiration. 

The most important consideration in the treatment of acute poison- 
ing is to bring about a return of normal central nervous system activity. 
The analeptic drugs of choice are caffeine and sodium benzoate, 0.5 
gram, ephedrine sulfate 25 mg., picrotoxin 2 mg., or strychnine 
sulfate 2 mg., all administered parenterally. However, one should not 
hesitate to repeat or increase these amounts if single doses are not 
effective in combating the central depression in hypnotic poisoning. 
It is now recognized that picrotoxin is the most successful antidote if 
properly employed (c/. p. 389). In addition, oxygen is a valuable 
adjunct, and Reifenstein has proposed the intravenous infusion of 
200 cc. of 50 per cent glucose in promoting diuresis and in combating 
the edema of the brain and lungs. 

Sodium succinate has been proposed as an antidote in barbiturate 
poisoning on the basis that it furnishes an oxidizable substrate, until 
the barbiturate can be destroyed or excreted since its oxidation is not 
inhibited by barbituric acid derivatives. Experimentally, Pinschmidt 
et al. have shown that sodium succinate is of some value but that it 
does not compare with moderate doses of picrotoxin. 

The treatment of barbiturate habituation consists of the complete 
withdrawal of the responsible compound. In addition, measures to 
combat the various symptoms should be instituted. 

Therapeutic Uses o! Hypnotics.— The hypnotics are chiefly used to 
produce rest and sleep in cases of insomnia and in almost every form of 
nervous excitement. The physician should always remember that 
persons who are emotionally indisposed exhibit similar clinical pictures 
to those who are merely exhausted. Mild degrees of tension, restlessness, 
nervous irritability, and insomnia may be treated with hypnotics, hut 
the underlying cause for these conditions should be determined lest con- 
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tinned use of sedative drugs result in a habit of dependence./ Habit 
formation may be avoided to a large extent if it is necessary to admin- 
ister a sedative over a long period of time by alternating various hyp- 
notics one with the other. 

Until the discovery of the therapeutic value of chloral, opium was 
used in most of these cases, and when sleeplessness is due to pain, it is 
still preferable to the more modern remedies, which have comparatively 
slight influence on acute pain except in very large doses. However, con- 
tinued use of the opiates will lead to a habit in most patients and hence 
their use should be limited because of the chances of addiction. But in 
delirium, mania, and convulsions of various kinds, their action is 
preferable to that of opium, especially where these convulsions are of 
spinal origin or of a reflex nature; thus in strychnine poisoning and in 
tetanus, chloral, paraldehyde, phenobarbetal, and other barbituric acid 
derivatives are of great value although in strychnine poisoning they 
may have to be reinforced by chloroform during the convulsions. In 
delirium from fever or from uremic intoxication and similar causes, 
comparatively small doses often produce most satisfactory results, and 
in various spasmodic affections, such as cough, asthma, and choreic 
movements, hypnotics are exceedingly useful. 

Most of the hypnotics have been used more or Jess extensively in 
simple insomnia and in insanity, but when the disturbance assumes a 
more violent character, there is a disposition to return to the use of 
chloral and paraldehyde as at once the speediest and surest remedies 
of the whole group. The sedative dose of chloral is 0 2 to 0.7 gram and 
the hypnotic dose is 0.7 to 1.5 grams* It is best given in a pleasant 
tasting vehicle, such as syrup of citric acid or elixir glycyrrhiza. The 
dread of its affecting the heart deleteriously in ordinary doses is quite 
unfounded. Paraldehyde is also a safe and effective hypnotic and would 
be more widely used if it were not for its objectionable taste and smell 
and the difficulty of prescribing it. The usual sedative dose is 4 to G c c. 
administered in cracked ice, but larger amounts up to 10 to 20 cc. may 
be given orally or by rectum for wild delirium. Paraldehyde is of 
especial value in delirium tremens since it can be administered rectalfy 
and acts quickly. Its potential toxic effect, however, should always 
be kept in mind. Wechsler has recommended the intravenous admin- 
istration of 1 cc. of paraldehyde for prolonged or rapidly recurring con- 
vulsions, and this is probably a useful procedure. 

In recent times chloral and older hypnotics have been largely replaced 
as mild/sedatives of the central nervous system by barbital and its 
allies. /The barbiturates are efficient but possess limitations since they 


pentobarbital in doses of 0.6 and 0.4 gram respectively may be admin- 
istered by the intravenous route. The injection must be made very 
slowly and signs of respiratory depression should be carefully noted. 
Sedative doses are usually about one-fourth the amount of that used for 
hypnotic action; for example, 30 mg. of phenoharbita! two or three 
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' times a day is considered a sedative dose while 0.15 mg. may be used 
| to produce hypnosis. /the barbiturates are unexcelled for the' preven- 
tion of toxic reactions caused by local anesthetics, and it is a good plan 
to administer one of them before the use of cocaine or its allies. The 
patient with hypertension benefits greatly from sedative doses (usually 
phenobarbital) given two or three times a day. In this connection, the 
elixir of phenobarbital is preferred by some clinicians. Nervous tension 
is allayed, and the patient’s mental outlook is improved. 

It is not practical to list each individual use of all of the barbiturates 
nor to suggest which one is preferred. As already stated, the important 
thing to remember is that the physician should familiarize himself with 
three or four of these compounds so that he will have confidence in their 
therapeutic effects. For oral use, barbiturates are administered in 
capsules, as tablets, or in an elixir. 

/ / Phenobarbital possesses a special ability to decrease motor activity 
of the cortex, and hence it is useful in epilepsy. Ordinarily, 0.1 to 0.13 
gram is administered daily. Depending on the circumstances and 
results, this dose may be increased as much as 0.6 gram per. day, but 
the patient must be closely watched (Lennox). It is of greatest value 
in the grand mal attacks, has some value in psychomotor and focal types 
of epilepsy, but is not very effective in petit mal. One of its chief draw- 
backs is that large doses stultify the patient’s ability because of the 
inherent hypnotic action it possesses. Continued use of large doses 
causes ataxia, dizziness, psychosis, and even paranoid symptoms, 
although many patients have taken 0.065 to 0.13 gram each day for 
years without apparent harm. 

Use in Anesthesia.— In recent years, paraldehyde has been used as a 
pre-anesthetic hypnotic, and as an analgesic in obstetrics. For pre- 
anesthetic use, 16 cc. in 120 cc. of milk is administered as a retention 
enema one hour before the operation. One-half hour before the opera- 
tion morphine and atropine are given hypodermically. This procedure 
reduces the amount of general anesthetic needed. 

The barbiturates occupy a prominent position as useful drugs for 
pre-anesthetic medication. Claims that the members of this group cause 
pulmonary complications resulting from prolonged respiratory depres- 
sion are unfounded. For pre-anesthetic medication, the preparations 
with a short duration of action are recommended so that prolonged 
postoperative effects will be eliminated. 

The intravenous use of evipal and pentothal sodium to produce 
anesthesia has increased since their introduction in 1933 and 1934 
respectively (Lucas). Evipal, while popular in England, has not been 
used in this country as much as pentothal sodium. The discussion of 
barbiturates in anesthesia will be limited to the latter although the . 
indications for its use and the contraindications and dangers apply to 
both compounds. 
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cent, nausea in 1 1 per cent, and restlessness in 11 r ■ »s 

include a relatively narrow marten «' f - ‘ ?( 

hiccup and laryngeal spasm if * • . 

lowing recovery m the elderly 

In practice, morphine and at' .Mastered forty-five minutes before 

pentothal is given Then 2 to o ec. of a 5 per cen t solution Is injected in about 
fifteen seconds. The full effect should sppear in about thirty-five seconds, and 
if it does not, then an additional 2 or 3 ce. may be injected. Brooks has pointed 
out that a 2| per cent solution is safer, and it is preferred. (For evipal anesthesia 
2 to 4 cc. of a 10 per cent solution is recommended.) For longer operations, it 
may be necessary to administer additional amounts of pentothal, and the usual 
signs of anesthesia will serve as a guide for the anesthetist to follow. If it is 
desirable, a nitrous tmde-ether-o'eygen mixture may be used following the 
initial intravenous dose of pentothal aodium. The anesthetist will find that 
much less of these anesthetic agents are then required to maintain a satisfactory 
anesthesia. 

One can say in conclusion that pentothal sodium is a relatively safe 
anesthetic if it is administered by a well-trained anesthetist where no 
contraindications exist, It certainly holds a definite place in the arma- 
mentarium of general anesthesia. 

Contraindications to the use of barbiturate anesthesia are those of the 
other general anesthetics, but in addition, it is unwise to use them in 
persons suffering from any allergic disease. 

Preparations 

Barbitaltim, barbital (U. S. P ' 13 • 
barbituric acid) fC\ w v 
with si' 
of alco 

Bari • * 1 • • .: oulubile (B P.), soluble 

barbita ’« * , ..uiie powder with a bitter taste. One gram 

dissolve ^ v c. of water and it is only slightly soluble m alcohol. Dose, 

0.3 gram (U. S. P.), 0 3 to 0 6 gram (B P.). 

Elixir Phevobarbitau, elixir of phenobarbital (U. S. P.). Each 100 cc. 
contains not more than 0 43 gram of phenobarbital, absolute alcohol content 
about 14 per cent. Dose, 4 cc. (One average dose contains 16 mg. of pbeno- 
barbital.) 

Hexobarbitovum (B. P.), hexabarbitone, hexobarbital {(CH,)(CiH,)C:- 
CO:N :{CH>) .CO.NH.CO), colorless, odorless, tasteless crystals, soluble in about 
3000 parts of water. Dose, 0.25 to 0 5 gram. 

Hexobarbitovom Solubiee (R ' ' me, soluble hexo- 
barbital (B. P.l. W* “ ' ‘ a white odorless 

powder witi _ Dose, by intra- 
venous or in , „ «*ii. uy rectal injection 2 to 4 grams, 

Phesiitox *• , ^intone, pTorainal ((CifI,)(C,H s )C CO:N T (CHi).- 

CO NH CO), a white crystalline powder, odorless and tasteless. It is almost 
insoluble in water and is soluble (90 per cent) in alcohol. Dose, 0.03 to 0.4 gram. 

Psntobarbitalum Sodiccm (U. S. P.), Pentobarbitonum Solcbile (B. P.), 
pentobarbital sodium, soluble pentobarbital (CnHuNjOjNa), white crystalline 
powder with no odor and a bitter taste Dose, 0 1 gram (U. S. P.), 0.1 io 0.2 
gram (B. P ). 

pHB.V0BARBiTAt.mt (17. S. P.), Phenobarbitoitom (B. P.), phenobarbital 
{ChHijN»Oj)i white, odorless crystals or powder. One gram dissolves m about 
1000 cc. of water and in 10 cc. of alcohol. Dose, 30 mg. (U. S. P.), 0.13 to 0.12 
gram (B. P.). 

Phev ob audita tint SoMcuM, phenobarbital sodium (U. S. P), Pheno- 
bvrbitovom SottfBitE, soluble phenobarbitone (B P.), (C«H«NjOiNa), flaky 
crystals, white powder or crystalline granules with no odor and a bitter taste. 
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It is very soluble in water and alcohol. Dose, 30 mg. (U. S. P.), 0.03 to 0.12 
gram (B. P.).' 

TABELLiE Bakbitali (U. S. P.), Tabella Barbitoni (B. P.), barbital tab- 
lets. Dose, 0.3 gram (U. S. P.), 0.3 to 0.6 gram (B. P.). 

Tabella Barbitali Sodici (U. S. P.), Tabellas Barbitoni Solubilis 
(B. P.), barbital sodium tablets. Dose, 0.3 gram (U. S. P.), 0.3 to 0.6 gram 

(B.P.). 

Tabella; Pentqbarbitali Sodici, pentobarbital sodium tablets (U. S. P.). 
Dose, 0.1 gram. 

Tabella; Phenobarbitali (U. S. P.), Tabella: Phenobarbitoni (B. P.), 
phenobarbital tablets. Dose, 30 mg. (U. S. P.), 0.03 to 0.12 gram (B. P.). 

Tabella: Phenobarbitali Sodici (U. S. P.), Tabella: Phenobarbitoni 
Solubilis (B. P.), phenobarbital sodium tablets. Dose, 30 mg. (U. S. P.), 
0.03 to 0.12 gram (B. P.). 

Thiofentonum Solubile. soluble thiopentone, pentothal sodium (B. P.), a 
yellowish-white powder with a bitter taste. Soluble in water and partially 
soluble in alcohol. Dose, by intravenous injection, 0.1 to 0 3 gram. 

In addition the N. N. R. lists the following barbiturates as acceptable to the 
Council on Pharmacy and Chemistry of the American Medical Association: 
Alurate, Amytal, Dial, Evipal Sodium, Ipral, Neonal, Nostal, Ortal Sodium, 
Pentothal Sodium, Pernoston, Phanodorn, Sandoptal, Seconal Sodium, and 
Vinbarbital Sodium. (See p. 318 for details.) 
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IV, OPIUM SERIES 

Opium has been used in medicine since a very remote period, and 
although many substitutes have been proposed for it in late years, it 
still occupies a very prominent position in therapeutics. Thomas 
Sydenham’s remark made in the seventeenth century, "without opium 
I would not care to practice medicine” is often quoted. Opium is 
obtained from the dried juice (latex) of the Paparer somniferum, a poppy 
which is grown chiefly in Bulgaria, Yugoslavia, India, China, Egypt, 
Persia, and Asia Minor, Most of the opium used for medicinal pur- 
poses in this country comes from India, Asia Minor and Persia. It owes 
its activity to a large number of alkaloids of which Morphine* Codeine, 
and Papaverine are the most important in decreasing order. A* arcotine, 
Thebaine, and Narceine, while occurring in considerable amounts in 
opium, are not used clinically. 

Other alkaloids in opium include Pecudoraarphinc, Codamine, Laudanine, 
*■ 1 ' ” ” ’ Cryptopine, Protopinc, Fapaveramine, 

Gnoseopine (or Racemic Narcotine), 

, , . . in traces. In all, more than 25 alka- 

loids have been isolated. 

The total alkaloids in opium vary from about 5 to 25 per cent, and 
different specimens may contain very different quantities of each alka- 
loid; for instance the content of morphine in different samples varies 
from 2.7 to 22.S per cent. The average percentage of morphine is 30, 
of narcotine 0, papaverine 1, codeine 0.5, thebaine 03, and narceine 
0.2; the others occur in too small quantity to have influence on the 
action of the crude drug. The alkaloids arc found in opium in combina- 
tion with mcconic, lactic, and sulfuric acids. 

Chemistry.— The structural formula of morphine is shown on p. 330. 
The table below indicates chemical differences between it and other 
important opiates. The position in « Inch a change occurs is noted in 
the formula of morphine and likewise in the columns below. 
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The empirical formula of narcotine is (C«H«NOr) and of thebaine 
) (CiiHjiIvOi). {Morphine, codeine, and thebaine are derivatives of phenantbrene 
(ChHio). As shown in the structural formula, morphine contains two OH 
groups (one phenolic, the other alcoholic). Replacement of the phenolic OH 
by the methyl radicle (in codeine) decreases the narcotic action and increases 
respiratory and tetanic effects. With ethylmorphine, narcotic actions are also 
diminished. ( Dilaudid differs in that the alcoholic OH has been replaced by a 
ketone group and the adjacent double bond has been removed by hydrogena- 
tion. This brief chemical discussion indicates that the innate analgesic and 
narcotic action of morphine rests chiefly in the phenolic OH since when it is 
masked, analgesic effects are reduced. 

Morphine was isolated in 1803 by Sertumer, a drug clerk. He first 
gave some to dogs and described its narcotic effects and later gave 
himself and three friends “one-half grain in one-half drachma of water” 
orally. It is a rather remarkable fact that the amount he used approx- 
imates the usual therapeutic dose of today. In 1855, Alexander Wood 
described the first 10 cases in which from “1/10 to 3/10 grains” of 
morphine were administered hypodermically. 

Papaverine, narcotine, and most of the other alkaloids are related to 
derivatives of benzyl isoquinoline. As shown on p. 349, the structural 
formula of papaverine bears no relation to that of morphine. The 
phenanthrene group of alkaloids differs considerably in action from the 
isoquinoline derivatives and is diametrically opposed to them in many 
respects. 


CH, 
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Morphine 

The action of opium is mainly due to the large amount of morphine 
contained in it, though the other alkaloids may modify its effects. 
Hence, the effects of morphine will be discussed in detail and the differ- 
ences between its actions and those of codeine and papaverine will be 
pointed out as necessary. Morphine acts chiefly on the central nervous 
system, but it also affects some peripheral organs, especially the in- 
testine and its action varies considerably in different animals. 

Symptoms.— In Man small quantities of morphine^ (8 mg., J- gr.) 
lessen the voluntary movements and produce a drowsiness which soon 
passes into sleep, unless the patient is continually aroused by his sur- 
roundings. As long as he is kept awake, his actions and movements 
show nothing abnormal, but it is impossible to keep his attention directed 
to any object for long, and as soon as he is left to himself for a few 
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moments he sinks into sleep. After small quantities there is no diffi- 
culty in arousing him; in fact, the sleep seems lighter than usual and 
may resemble rather a state of abstraction or “brown study.” In this 
condition (euphoria) the imagination is not depressed to the same extent 
as the reason; the self-control and judgment are lessened, and although 
the stream of thought may seem more rapid and the images more 
vivid than usual, the logical sequence and the ideas of time and space 
are lost, and the condition may rather be compared to dreaming than 
to a real increase of the intellectual powers. Even in this early stage 
pain is felt less acutely, the respiration is slow, and the pupil contracted. 

In larger quantities (15 to 30 mg., \ to $ gr.) morphine produces 
deep, dreamless sleep, from which the patient is still easily aroused, 
but to which he returns at once when he is left undisturbed. Wien 
once aroused, he can be kept awake or can be aroused again after a 
short interval much more easily, some time apparently elapsing before 
the same degree of depression is reached. As the dose is increased, the 
sleep deepens into torpor, from which he can be awakened only Tilth 
difficulty, and eventually all efforts to arouse his attention arc fruitless 
and he sinks into coma, which may be reached very soon after a large 
dose. During this deeper sleep and coma the respiration is very slow, 
the pulse is regular, full, and of moderate speed. The pupils are con- 
tracted to a small point and the mouth and throat are dry. The face is 


pulse becomes smaller and often quicker, the pupils remain contracted, 
but dilate widely just before the final arrest of the respiration. The 
heart continues to beat feebly for a short time afterwards. 

After small doses of morphine the patient generally awakes refreshed, 
and sa\e for occasional dryness of the throat and slight nausea, is 
apparently quite normal. Not infrequently, however, headache is com- 
plained of, and sometimes nausea and s omiting, accompanied by marked 
depression. In rare cases delirium, and even convulsions, have been 
observed soon after its injection, but these symptoms of excitement arc 
so rare in the human subject ns to be classed as idiosyncrasies. Some 
skin affections, such as itching and redness, are occasionally seen while 
the action is passing off. 

Action.— The action of morphine on the Central Nervous System in 
man is mainly depressant, but it differs from the alcohol-chloroform 
group in its selective action on the respiration and on pain sensation, 
which are both much reduced by doses which have little effect on the 
general consciousness. As already indicated, euphoria is often an out- 
standing effect of morphine although it b not always experienced by all 
individuals. It does occur with great frequency, however, and the 
sense of well-being experienced by most patients is largely responsible 
for habit formation after repeated administrations. The most constant 
effect of morphine is its analgesic action; the ability to relieve pain. 
Even though the discomfort of pain is entirely removed, the intelligence 
is almost as acute as usual, and the patient i* able to answer questions 
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and converse freely. He may seem also to 4 be unusually sensitive to 
impressions^ caused by loud noises or sudden flashes of light. While 
constant pain is alleviated, a sudden jabbing pain is not as easily allayed 
and when the patient is once aroused, the sensitiveness to pain ap- 
parently persists for some time. Morphine thus seems to lessen the 
power of attention, and under it the individual remains almost uncon- 
scious of any constant stimulus, but be can be aroused by a sudden 
intense stimulus and only relapses to his former lethargy after some 
time. Seevers and Pfeiffer showed an interesting inverse relationship 
. between the narcosis and analgesia produced by morphine. Using 
humans as experimental subjects, they noted that while the peak of 
analgesia was reached in sixty to ninety minutes after a subcutaneous 
injection of 8 mg. of morphine that narcosis and depression was great- 
est after the pain threshold had returned to a normal level. 

Many methods to measure pain threshold responses produced by 
morphine have been devised and none are perfect. Wolff, et al. made use 
of light-heat radiation and tested pain threshold effects of morphine 
on the blackened foreheads of humans. They found that the subcu- 
taneous injection of an average therapeutic dose of morphine (15 mg.) 
would raise the pain threshold about 70 per cent. Their work was 
based on the finding that all patients have the same normal pain 
threshold; a suggestion not compatible with clinical experience or the 
work of Chapman or Slaughter and Wright. Using an improved 
technique and comparable doses, the latter authors did not find such a 
marked increase in pain threshold as did Wolff, et al. 

Attempts to localize accurately the site of the narcotic and analgesic effect 
of morphine or to explain its mechanism of action have not yielded clear-cut 
1 results. Analgesic action is predominantly central, and the~electroencephalo- 
> graphic experiments on humans reported by Berger, Gibbs, cl al., and Andrews 
' are indicative of cortical depression! Bernheim and Bernheim and Slaughter 
and co-workers have suggested tha't morphine may act centrally through a 
cholinergic mechanism. The former authors demonstrated that rabbit brain 


shown that epinephrine reduced the pain threshold-raising property of morphine 
and had concluded that “this action . . . was due to a change in the central 
pain mechanism which made it refractory to the ... action of morphine." 
This view fits the central cholinergic postulate although Goetzl, et al. have 
reported that dextro-amphetamine enhances the analgesic action of morphine 
in mice. 

The observations of Wolff, et al. that the analgesic action of morphine and 
of codeine is reduced by the presence of pain is contradictory to its clinical use 
for pain relief. These authors explain this discrepancy by stating that the 
opiates partially impede the perception of pain but of more importance, they 
detach tl 
to it. In 
Further . 

* Codeine possesses about one-fifth the analgesic potency of morphine 
and causes much less euphoria. On the other hand, when given in 
t ordinary amounts, papaverine exhibits little, if any, analgesic action. 

The opiates have little direct effect on auditory, olfactory, visual, 
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muscular, or cutaneous sensations; a decrease in pain and temperature 
effect on the latter being the chief exception. It has been reported that 
mental processes arc temporarily facilitated by small doses of morphine, 
but such an effect can be explained away on the basis of euphoria, 
j The motor areas of the cerebral cortex are not affected by small doses 
of morphine, but larger quantities lower and eventually abolish the 
excitability to electric shocks.) Experimental reports that morphine is a 
synergist with central conviilsants or is a convulsant drug itself are 
speculative and unproven. Although experimentally morphine has 
been shown to possess anticonvulsant properties, its effectiveness in 
man is doubtful. Even though it has been used in the treatment of 
epilepsy, eclampsia, etc., other agents were used with it and hence 
proof of its anticonvulsant effects is difficult. If convulsions do occur, 
they arc seen most frequently in children— this may be a philogenetic 
indication of preponderance of spinal cord activity in the young with 
greater cerebral control coming into play in later life. 

The action of morphine on the medullary centers resolves itself into a 
discussion of the separate functions of this area. I It can only be stated < 
that the most pronounced effect 5s seen upon the center contro lling ' 
respiration. 

The effect of morphine on the central nervous system has often been 
referred to as biphasie (depression and stimulation) in character. , Its 
action on reflexes is not clear, but it is generally agreed that spinal cord 
activity is heightened by morphine in some instances, and hence is not 
the drug of choice in the treatment of poisoning by strychnine. Codeine, 
on the other hand, usually increases spinal cord reflexes, especially if 
more than 04 mg. is given at one time, while papnrerine seems to have 
no effect. 

In animals, the central nervous symptoms of morphine present an extra- 
ordinary mixture of stimulation and depression and the relative prominence of 
these varies widely m different species The stimulation of the brain is best 
manifested in the wild excitement of the cat and its allies under morphine, 
while the narcotic action predominates in the rabbit and to a less extent in the 
dog, even in the cat some depression of the intelligence is to be made out. In 
the cat and rabbit the respiration is depressed as in man, but in the dog there 
ia a stage of marked acceleration present at first. In the dog the vomiting 
center is primarily excited, but this afeage of stimulation is followed by one of 
depression. IF very large doses of morphine are given to dogs, the depression 
of the center cornea on almost immediately, vomiting being entirely absent 
The cardiac inhibitory center of the medulla is also stimulated, although the 
action on the vagus center is said to be largely an indirect one from an action 
upon the cortex It is impossible at present to suggest any general theory of 
the action of morphine on the nerve cells which covers these differences in the 
behavior of different animals and also m the reaction of different nerve centers 
in the same animal In animals, symptoms of excitation produced by codeine 
are more obvious, especially in the spinal cord, in which th^ reflexes are ren- 
dered more acute and may finally give rise to spasms In the cat. morphine 
induces cerebral excitement, but under codeine this is often seen in the dog also 
and even to a slight extent in man In the frog, the evidences ol & stimulant 
action are more marked with codeine than with morphine 
Hambourger has shown that morphine produces excitation in the cat even 
after bilateral cerebral decortication He suggests that the aubcortieal centers 
mast, therefore, play a rdle in this phenomenon. It should be emphasised that 
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even though'morphine does cause wild excitation in the cat, definite analgesia is 
also produced. Finally, amphetamine antagonizes the cortical and respiratory 
depression produced by morphine (Handley and Abreu, and Goetzl, et al). 

* # To sum up the action of morphine on the central nervous system : 

. it produces great depression which is especially marked on the percep- 
' tion of pain and on the respiration; the imagination and the cerebral 
r motor functions are less affected than the power of perception, the will, 
and the attention. In man the failure of the respiration closes~fKeT' 
course of" the "intoxication, but in the cold-blooded animals a further 
^ * development of excessive reflex irritability follows, which may pass into 
tonic convulsions. Even in the higher animals and man some indication 
of this action of the cord may occur, and in the feline group this stimula- 
tion involves iffft'6nl5 r the’ cord , but also the motor areas of the brain. 
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Fio. 23. — Respiration of the cat. At M, injection of morphine intravenously. The respi- 
ration is immediately slowed and the movement is increased in depth. 

Respiration. -jin man and in most other animals the respiration is . 
slowed and the minute volume is decreased by morphine from the 
beginning (Fig. 23), and as the dose is inc eased, the slowing becomes 
progressively greater. After small quantities which have no other 
appreciable effect, the breathing may be rather shallower, but as the 
rate slows the depth increases, though not sufficiently to compensate 
for the slowing, and the total air breathed may fall to one-half the normal 
or less/ The characteristic effect of morphine is thus a diminution in 
the rhythm of the center, which remains susceptible to reflex stimula- 
tion, but is unable to accelerate the discharge of impulses to the same 
extent as normally. The inhalation of carbon dioxide in unpoisoned 
animals quickens and deepens the respiration, but under morphine, 
while it deepens it as much as before, it is unable to quicken it in the 
same measure. If morphine causes rest and sleep, less carbon dioxide 
is formed in the tissues, and though less is excreted owing to the slow- 
ness of the breathing, there may be no accumulation in the blood and 
the depth of the respiration remains unchanged or may be shallower. 
But if the slowing is more marked, the gas accumulates in the blood and 
acting on the respiratory center, it deepens the breathing, as it cannot 
accelerate it except to a limited extent. 

Dripps and Comroe found that an intravenous dose of 10 to 20 mg- 
morphine produced maximal depressant effect in three to seven minutes, 
but the effects were not significantly greater than with intramuscular 
injection. Respiratory minute volume, rate, and tidal exchange were 
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diminished and respiratory effort was diminished in 4 of 26 patients 
studied, and in no case was any appreciable increase in depth of respira- 
tion noted. These authors suggest that the beneficial effects of morphine 
in the treatment of clinical dyspnea may be related to a feeling on the 
part of the patient that breathing simply becomes easier. 

In the later stages of morphine poisoning, the breathing often becomes 
irregular, and this irregularity may have a periodic character, a series 
of deep respirations being followed by several progressively weaker ones 
and then by complete inactivity for several seconds. The breathing 
then recommences with a very slight movement, followed by a series 
increasing regularly in strength and then again decreasing (Fig. 24). 



Flo. 24.— 'I racings of the respiration (upper; and blood-pressure (lower; during (Jheyne- 
Stokes respiration in a cat under a large dose of morphine. (Barbour.) 


This form of respiration (Cheyne-Stokes) appears to arise in part from 
the depression of the respiratory center, in part from the asphyxia 
which results from the inefficient respiration. When the respiratory 
center is once aroused by the accumulation of carbon dioxide and by 
the anemia, it remains less narcotized for some time and thus a series of 
respirations follow which reduce the carbon dioxide of the blood and 
also relieve the asphyxia. The blood supply to the brain increases, and 
thus the stimuli to the respiratory center furnished by the carbon 
dioxide and the anemia are both removed and the center again becomes 
dormant (Fig. 24) until the carbon dioxide again arouses it to a new 
phase of activity. 

Towards the end, the respiration becomes gradually slower and 
weaker, and often loses its periodic character. Even after consciousness 
fails to be aroused by the most powerful shocks, some influence may be 
exerted on the respiratory center. Thus the sudden application of cold 
water may cause several deep respirations, although it fails to dispel 
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the stupor, but the respiration finally fails to react to these applications 
and soon afterwards ceases. 

( Jackson has noticed that morphine and many of the other alkaloids of 
opium constrict the bronchi in animals; this appears to arise from a 
direct action on the bronchial muscle. Such effects in man, if they occur, 
would seem to be of no practical significance. 

- Codeine acts similarly on the respiration as does morphine, but it is 
' only about one-fourth as potent in comparable doses. Both opiates 
depress the cough reflex, but codeine is superior in this capacity, since 
cerebral centers are less affected. Herbin is said to be more efficient 
than either morphine or codeine, but no proof of this has been given. 

Morphine has little direct action on the Circulation in man; the heart 
is often slightly accelerated at first, perhaps from the slight nausea. 
However, most investigators have been impressed with “clinical" 
slowing of the heart rate, but quantitative experiments have not yielded 
sufficient evidence that therapeutic doses materially alter the pulse rate. 
* The blood-pressure remains high and the peripheral arteries in general 
show no change of caliber, with the exception of those of the skin, 
j especially of the head and neck, which are dilated, rendering the' face 
1 flushed and hot. As asphyxia come on, the flush becomes more dusky 
and cyanotic, but the vessels remain dilated so that the face is of a 
bloated, purple color. The dilatation of these vessels, which is probably 
due to a dilator effect on capillaries, has little influence on the general 
pressure, but causes a sense of warmth in the skin, which is occasionally 
followed by itching and discomfort. It may account in part for the 
increased perspiration often observed, although this is doubtless con- 
tributed to by other factors. As asphyxia advances, the pulse may 
become slow, while the blood-pressure varies, either rising from the 
asphyxial activity of the vasomotor center or falling from the slowness 
of the heart. These effects may be entirely absent if the blood is suffi- 
ciently aerated by artificial respiration and are perhaps to be regarded as 
indirect results of thp action on the respiratory center. Morphine does 
dilate the coronary arteries and relieves dyspnea of cardiac origin. 
These actions will be discussed more fully on page 352. 

Experimentally in most animals morphine depresses cardiac muscle, 
decreases cardiac output through slowing, stimulates the yagiis center, 
facilitates cardiac reflexes from the carotid sinus, and usually increases 
cerebral blood flow. In addition, vasomotor responses to sensory 
stimuli are usually decreased. 

The selective action of morphine is well illustrated in its effects on the 
medulla oblongata in man, for the respiratory center is paralyzed before 
the cardiac centers are affected to any marked extent. In summary, 
it may be stated that sufficient doses may cause a depression 'of the 
heart rate and vasomotor reflexes, but the only constant effect in man, 
with ordinary doses, is ppriplipra] vas odilat ion. Finally, morphine does 
exhibit a tachypliylactic effect upon thebTood-pressure of animals Mien 
injected intravenously. 

The intravenous injection of morphine in dogs and cats is followed by a 
marked fall in blood*pressure, which is most pronounced in the primary tnjec- 
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tton and which may be entirely absent in later injections. The fall in pressure 


degree of resistance to the depressant action of the drug. The disappearance 
of the reaction upon the later injections of morphine in normal dogs is due to 
the rapid development of resistance in the vasodilator mechanism, a condition 


The effect of morphine on the blood is of only minor importance 
except in addiction where Williams has reported blood hydration. I 
During withdrawal the hydration temporarily decreased and a true 
concentration did not occur. Tlicre is no agreement as to whether 
single doses alter the number, size, and shape of erythrocytes and no 
consistent change in hemoglobin has been reported. On the otheri 
hand, single doses may cause a leucocytosis and the differential count is, 
similar to that seen in acute infections. Finally, the sedimentation rate 
in humans is often increased as much as 50 per cent following the admin- 
istration of therapeutic doses (Schoen). 

Codeine possesses no important circulatory effects. Any action noted 
is similar hut weaker than that of morphine. Pap.-n crine, however, is 
said to have a direct depressant action on blood-vessel musculature, and 
in addition it raises the fibrillation threshold of the ventricle in experi- 
mental animals. 

The peripheral Muscles and Nerves are also unaffected by morphine 
in any except overwhelming doses. E\en when directly applied to the 
nerve it has but little effect on the irritability. The sensibility of the 
skin is lowered by an injection, it is true, but this is due to the central 
action almost entirely. As a matter of fact, paresthesia and itching is 
not uncommon, and even mild urticaria may develop after a hypodermic 
injection. 

Morphine is prone to cause romiting.hy directly stimulating the vomit-'.- 
ing center. Clinically, this effect is much more common than is usually 
thought since nausea and/or vomiting occurs in about 8 to 10 per cent 
of all patients. As soon as the narcotic effect of morphine has taken 
place, morphine exhibits an anti-emetic action ; ordinary emetics are 
then notcapable of causing vomiting^ ' 

In morphine poisoning in roan, the Pupil is contracted to pin point , 
dimensions until just before the final asphyxia, when it dilates widely. ^ 
While a satisfactory explanation for pupillary differences in animals is 
not forthcoming, in man the mechanism of pupillary constriction long 
obscure, has been elucidated by McCrac, el al. Their work shows that 
pupillary constriction caused by morphine is potentiated by neostigmine 
through an action on the oculomotor nerve, thus indicating that mor- 
22 
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phine acts cholinergically. In some animals, such as the dog and rabbit, 
the same effects are seen, while in birds the pupil remains unaffected, 
, and in animals in which morphine causes movement and excitement, it 
} is dilated widely. In addition, atropine applied to the conjunctiva at 
i x>nce removes the . miosis produced by morphine. The terminal dilata- 
' tion seen in man is not due to any direct action of the poison, but is a 
result of the general asphyxia. 

As a general rule the Secretory Glands seem to be rendered less active than 
usual by morphine. When it produces nausea it may increase the saliva and 
the mucus, but these are the usual accompaniments of this condition and can- 
not be considered due to any special action. The sweat glands are exceptions 
to the general rule, however, for slight perspiration is generally observed from 
the therapeutic action and perfuse perspiration from the effects of the asphyxia 
is seen before death in some cases in man. The urine does not generally show 
| any distinct alteration after morphine in man, but there is, not infrequently, 
j retention in the bladder because the sphincter is powerfully contracted. 

' The anal sphincter is similarly contracted in some animals, and in the mouse 
this leads to a edrious stiffening of the tail, which was at one time considered 
a specific test for morphine. However, it has now been shown to be induced 
» by many other poisons (Straub test). 

The actions of opiates upon the Alimentary Canal are complex and the 
mechanisms involved are not completely understood. This is unfortu- 
' nate, since constipation, the most outstanding side-effect of morphine, 

' ranks in importance with its respiratory actions and is often more 
troublesome to the clinician. Jn the human subject its injection is some- 
times followed by some nausea, which is much more frequently present, 
however, during recovery from the drug. In the dog, nausea and vomit- 
ing are almost invariable sequelae of its application in any form, and 
> seem to be due to its acting on the medullary* center. Small quantities 
; of opium or morphine lessen the sensation of hunger in the human sub- 
ject, but this is probably to be attributed to central action rather than 
to any effect on the stomach. 

The effect of morphine on gastrointestinal secretions has not been 
studied sufficiently and further experiments to substantiate its action 
< are desirable, j It is generally agreed that salivary secretion is increased, 

| while gastric, pancreatic, and bile secretion are decreased] 

’ Since constipation is the most consistent effect produced by the 
opiates, the actions of them on the motility and tonus of the stomach, 
small and large intestine, and upon the defecation reflex are of greatest 
importance. These effects have been most closely examined in the dog, 
and for the most part such findings are applicable to man. To Magnus 
belongs the credit for reporting the first conclusive experiments con- 
cerning the effects of morphine on the stomach. Pioneer work in more 
modern times on all gastro-intestinal effects was done by Plant and 
Miller. Later, Krueger and co-workers, Yonkman, Gruber, Ivy, 
Quigley, Veach, and many others have contributed other data which 
helps explain the complexities of this entire problem. 

It is now’ generally accepted that the chief effects of morphine on the 
stomach consist in decreased tonus and motility with a concomitant 
contraction of the pyloric antrum and of the pylorus itself. This action 
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causes the food to be withheld from its passage into the small intestine, 
and, coupled with decreased digestion in the stomach (due to diminished 
gastric secretion), the delay in emptying time constitutes the beginning 
of morphine constipation. ‘Veach has argued that morphine is pre- 
dominantly motor to the human stomach, but confirmation of his work 
has not been reported, and it is difficult to reconcile this effect with the 
administration of morphine for gastric hemorrhage. Slaughter, et ah 
have shown that in the dog, neostigmine enhances the action of mor- 
phine on the stomach, which is another indication of cholinergic activity 
of this opiate. 

The old idea that morphine quiets intestinal movements is no longer 
considered correct. 1 As a matter of fact, Plant and Miller, in 1926, 
showed that the chief actions in the small bowel were an increased tonu s j 
and a decrease in peristalsis! This efTect has amply been confirmed in 
man and in dogs by Forster und Quigley, d al. These workers reported 
that morphine resulted in a decreased propulsion (decreased peristaltic 
activity) but an increased motor activity (heightened tonus). Since 
emptying time of the stomach is delayed and Jess food is poured into 
the intestine at any one time and since the material in the intestine 
remains for a protracted period, absorption of water is more complete, 
resulting in drier contents of the lumen. In addition, the reduction in 
pancreatic and bile secretion decreases digestive processes in the small 
bowel. Hence, these effects arc additb c to tliose on the stomach in the 
production of constipation. Neostigmine will enhance morphine effects' 
on the intestine as well as on the stomach. 

The large intestine responds similarly but to a less degree than the , 
small bowel. [Peristaltic and propulsive activity is reduced; tonus is f 
increased and more complete absorption occurs (Jackman and Bargcn). 
These actions contribute to the constipating effect of morphine.? The 
decrease in the defecation reflex and contraction of the anal sphincter 
further enhance the constipativc effects of the drug. In addition, 
depression of attention to stimuli, induced by morphine, also plays an 
important role in this connection. 

'Flic mechanism of the gastro-intestina! effects have not been clearly 
demonstrated. Increasing evidence suggests that most of the actions 
may l>c based on cholinergic manifestations. This seems especially true 
since denervation and neostigmine enhance the actions of morphine, and 
atropine in proper dosages will counteract gastro-intestinn! effects. It 
has been suggested that a central mechanism may play a role since 
intra' entricular injections of physostigminc potentiate the action of very 
small doses of morphine on the small intestine. Finally, much work 
remains to bo done i>cf«re concise statements can lx; made regarding the 
pharmacological action of morphine on the gastro-intestina! tract. 

Codeine has a less effect than doe* morphine on the gastrointestinal' 
tract, hut large d<T*x*s will produce constipation (Fig. 25). Fapnerine' 
possesses on!.' a weak untbpaMnodic effect on the musculature of the. 
gastro-mtestina! tract, an notion which b of little therapeutic \ahie. 

'Hie nnttdiarrhca! action of opium would then seem to depend most * 
largely upon the increase in tone >re l»th small and large intestines, 
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I which, in addition to delaying the progress of the intestinal contents 
! toward the lower bowel, would also lessen the tendency to local distention 
of the gut (which in itself is a potent stimulus to powerful peristaltic 
waves) which would hasten the contents on toward the rectum. Heroin 
acts much like morphine, but it produces less nausea and vomiting anil 
its constipating actions on the gastro-intestinal tract are probably about 
' one and one-half times more potent. 


jian ’fine 







Fie. 25.— Tracings showing comparative effects of morphine and codeine upon the 
small intestine of an unanesthetized dog Each pair of tracings was taken from two 
balloons which wore placed in a Thiry-Vclla loop of the lower ileum. The upper tracing 
of each pair was taken from the anterior balloon, the lower in each instance from the 
posterior balloon. There was no open connection between the balloons. Each was con- 
nected to a Brody bellows recorder. The lower pair of tracings (codeine) show the calibra- 
tion of the capacity of the balloons. The morphine tracings show the increase in tone 
and m strength of contractions of the intestine which result from the injection of 0 5 mg. 
per kilogram of body weight of morphine hydrochloride, while the lower pair of tracings 
show the almost complete lack of effect from a dose four times as great of codeine (2 mg 
per kilogram). The tracings were taken on different days so that lack of effect in the 
case of codeine is not due to the previous administration of the morphine. (Krueger.) 

In animals many forms of TJnstriated Muscle, such as intestine, ureter, 
uterus, bronchial muscle, and bladder, have been shown to be aroused 
,to increased contraction and tone under the influence of morphine and 
ithe other phenanthrene* alkaloids, while the isoquinoline derivatives 
; depress their activity; after repeated injections the contractions from 
the phenanthrene group fail to .occur, while the organ continues to 
respond to various other poisons. It is unknown whether the action is 
exerted on the muscle directly or on the peripheral nervous structure. 

By means of hydrophorographic tracings, Ockerblad, et al. studied 
the effect of morphine on the human ureter and found that the tonus and 
amplitude of contractions were consistently increased. Furthermore, 
morphine stimulates the biliary tract in man since pressures of the 
common duct are markedly increased alter a therapeutic dose. Careful 
studies by Van Duzen et al. and Winter reveal that in the dog morphine 
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causes an increase in the tonicity of the detrusor muscle, a fall in urethral 
resistance, and a marked decrease in bladder capacity.. They attribute 
these effects to be due to a peripheral cholinergic action of morphine. 
The effects of morphine on the uterus are not well-defined and need 
further investigation. Using a manometric method, Bourne and Burn 
found that morphine prolonged and decreased the frequency of contrac- 
tion and delayed relaxation of the parturient human uterus. Falls, et al. 
found that morphine inhibited the frequency but augmented actual 
contractility. In the non-parturient uterus of unanesthetized dogs, 
morphine acts similarly to that described by Bourne and Bum. 


In man, therapeutic doses usually decrease the basal metabolic rate t 
about 8 to 10 per cent during the first hour; presumably the action is 
one of central nervous system depression. In addicted dogs, the basal ' 
metabolism is increased and during withdrawal, a similar effect due to 
restlessness and muscle twitching is often noted. 

Therapeutic doses of morphine cause little change in body temperature. 
Larger amounts produce some fall due to lessened activity, heat dis- 
sipation from peripheral vasodilatation and central depression of the 
heat-regulating mechanism. 

After single doses, morphine decreases oxygen consumption about 
10 to 15 per cent and increases the alveolar carbon dioxide tension about 
2 to 3 mm. Blood carbon dioxide remains normal. Response to carbon 
dioxide in the inspired air is usually decreased and the blood may shift 
as much as 0.05 pH to the acid side. 


morphine. 

Absorption and Excretion.— Morphine is readily absorbed when given 
orally or by parenteral injection. Some is even absorbed when rubbed 
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onto broken skin surfaces, and the sublingual administration is highly 
effective. 

The kidney comprises the chief route of excretion of morphine, only 
a small amount being excreted in the feces. Traces are said to be found 
in the saliva, sweat, and milk, but no conclusive evidence has been 
offered to show that a nursing baby is affected if the mother is admin- 
istered morphine. Plant and co-workers were first to prove conclusively 
that in the dog most of the morphine was excreted by kidney rather than 
by bowel. However, they were only able to account for about one-fifth 
of any given dose and likewise excretion studies in man gave similar 
figures. To Gross and Thompson goes the credit of showing that most 
all of administered morphine may be recovered in the urine of dogs. 
They hydrolyzed and autoclaved urine containing morphine and found 
that the total excretion in non-tolerant animals amounted to 80 to 92 
per cent while for tolerant animals the figure was about 45 per cent. 
The “free** morphine analyzed by old methods amounted to only about 
10 per cent of the total while the other 90 per cent was composed of the 
“combined" morphine which had been hydrolyzed by acid and heat. 
However, tolerant and non-tolerant dogs excreted about the same amount 
of the “free” form, the reduction in the total excretion by tolerant 
animals being reflected in a lessened elimination of the "combined” 
form. It is obvious, therefore, that a low percentage excretion of "com- 
bined” morphine is a special characteristic of tolerance. Thompson and 
Gross have also shown that the "combined” form of morphine contains 
two fractions— an easily hydrolyzable and a difficultly hydrolyzable 
form. When the latter type is analyzed, it is found that the non-tolerant 
animal excretes a total of 94 per cent of a given dose and a tolerant dog 
eliminates G5 per cent. What happens to the rest of the morphine is at 
present unknown; it may or may not be destroyed. Liver damage 
increases the excretion of "free” morphine, but has little effect on total 
excretion. These results may suggest that some morphine is conjugated 
in the liver but the Tecent report of Bemheim and Bernheim (p. 341) 
casts considerable doubt on this possibility. 

Oberst has reported similar findings in human subjects but the "free” 
and "combined” amounts were about one-half that recovered from 
dogs; in addicts, 5 and 30 per cent respectively. He did note that the 
fractional amount of "bound” morphine increased over the "free” 
portion at higher dose levels. By contrast, Slaughter, et al. showed that 
neostigmine decreased the excretion of both forms of morphine in the 
dog, but the greatest reduction was reflected in the "combined” form- 
If the hypothesis, as suggested by Gross, that the "combined form” is 
responsible for analgesia is true, then the reduction in excretion of it 
might help explain the potentiation of morphine analgesia by neo- 
stigmine. In addition, Oberst’s report that high dose levels increased 
the excretion of the "bound” form might indicate that complete toler- 
ance depends to some extent on the maintenance of a "just sufficient 
amount of "combined” morphine. Fecal excretion accounts for about 
5 per cent of the total amount eliminated, all being in the "free” form. 
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About 75 per cent of codeine is recoverable from the urine but the fate of 
papaverine in the body is unknown. 

Acute Poisoning- with morphine or opium is said to be one of the com- 
monest forms of intoxication. However, statistical data does not bear 
out this concept since probably not more than 1000 authentic cases 
have been recorded. Fortunately also, death from acute poisoning is 
not common; the average number of persons dying from this cause being 
roughly GO per year. It is often difficult to diagnose. The extreme 
contraction of the pupils^ gives a clue, as a general rule, but it must be 
remembered that large doses of the barbiturates also contract this organ, 
but if opium has been used, the breath often lias the characteristic odor. 
The symptoms produced by toxic doses of the opiates are reflected in a 
profound central nervous system depression. The therapeutic actions 
of sleep, decreased respiration, and relief of pain are markedly increased. 
Deep coma is the rule in adults, but in children this may be preceded by 
convulsive seizures. The blood-pressure and pulse may be only moder- 
ately decreased until the final stage of asphyxia sets in Spontaneous 
emesis is not common, general opinion notwithstanding. Perspiration 
is not uncommon, and even in the terminal stage, a cold, pale, clammy 
skin is often noted. As the respiration fails, cyanosis is pronounced and 
death is due to paralysis of the respiratory center. Some observers 
(Schmidt) in particular have stated that circulatory failure plays a 
dominant rfilc in death due to opium poisoning, but more confirmative 
evidence is needed on this point. Animal experiments indicate that 
morphine is more toxic early in life (Gibbs and Bobb and Eddy), How- 
ever, studies on humans do not boar out completely this contention, 
with the exception that infants under four months are more susceptible. 
On a weight basis, those above four months are scarcely more sensitive 
than adults. In summary, a Cheync-Stokes type of respiration (p 335), 
deep coma, pin point pupib with asphyxial dilatation before death, and 
cyanosis are signs of acute opium poisoning. The elapsed time between 
the administration of opium and a fatal outcome is said to be from 
three to twelve hours. Because of the variation of response to morphine 
in acute poisoning, exact fatal doses may not be stated. However, 

2 to 5 grams of opium (dried) and 0 25 to 0.5 gram of morphine will 
probably cause death in most adults. At autopsy, the findings are' 
chiefly those of asphyxia, but pulmonary edema is commonly noted also,' 

The treatment of acute morphine or opium poisoning should consist' 
in removing the poison from the body and in guarding against failure of 
the respiration. The first object is best attained by .washing out the 
stomach with the stomach tube, as emetics generally fail when morphine 
has been absorbed, owing to the depression of the center In addition, 
the depressant after-effects of these drugs may be detrimental, When 
morphine has been injected hypodermically, gastric lavage is of little, 
if any, value. Water should be used to wash out the stomach since dilute 
potassium permanganate solution tends to oxidize the gastric mucous 
membrane rather than the morphine. 

Besides increasing the excitability of the respiratory center by these 
drugs, the normal stimulus may be augmented. Tlius respiration may be 
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aroused reflcxly from the skin by dashing cold water on it, or by the 
electric current, or by flicking it with wet cloths. But the chief normal 
stimulus of the respiratory center is the carbon dioxide of the blood, and 
an attempt should be made to increase this and thus to promote the 
aeration. This may be attained by keeping the patient in motion as far 
as is possible, in order that the muscles may supply CO.>, but as this 
may have to be done for several hours, it entails great fatigue both for 
patient and attendant. A more rational method of enriching the blood 
with C0 2 would be to allow the patient to breathe air containing 7 to 10 
per cent of the gas, which might be kept' in readiness in the hospitals 
where opium poisoning is often encountered. 

Finally, if the respiration fails in spite of these measures, artificial 
respiration must be employed and continued as long as the heart beats. 
Cases of recovery from enormous doses of morphine are recorded in 
which artificial respiration was maintained for many hours. 

A patient should be kept warm to prevent loss of heat from the dilated 
peripheral blood-vessels. After recovery, a cathartic may be admin- 
istered to counteract the obstinate constipation which usually occurs. 
The symptoms of acute codeine poisoning arc similar to those seen with 
morphine, although convulsions more often occur in adults. The treat- 
ment is also essentially the same. Death due to codeine has not been 
reported. 

Tolerance and Addiction.— A good deal of confusion exists regarding 
the usage of these words and hence certain definitions are given below: 
v ' 1. “ Tolerance is a phenomenon characterized by the fact that more 
and more of a drug must be used to produce equivalent effects. 
, 2. “ Addiction is that condition of mind or body induced by drugging 
which requires a continuation of that drug, and without which a 
serious physical or mental derangement results. 

• 3. “Habituation means a condition wherein one becomes accustomed 
to but not seriously dependent upon a drug.” (Tatum, Secvers, 
and Collins.) 

In addition, Himmelsbach adds the term “ dependence ' ' as denoting 
a “distortion of normal physiologic process” resulting from prolonged 
administration of opiates to the extent that the body requires them in 
order to maintain a physical as well as psychical equilibrium. Depen- 
dence is the essentia] feature of addiction, and it should not be confused 
with habituation. Finally, tolerance always develops before addiction 
so that it is not possible to demonstrate dependence before tolerance is 
developed. 

The continued use of morphine or opium in man leads to a condition 
of tolerance, in which enormous doses of the drug are necessary to elicit 
their usual effects. As a general rule, daily therapeutic administration 
of morphine will cause tolerance in about three weeks, j Tolerance 
develops more rapidly if the dose is increased, hence no more than the 
least amount per day which will relieve pain should ever be given .j 

In some animals a similar condition of tolerance has also been attained by 
the repeated administration of morphine and in monkeys this condition has 
apparently been best developed. After these animals receive the drug for several 
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months they show a marked dependence upon it, and if the drug is stopped 
tolerance is lost in about two weeks. 

Dogs can also be rapidly rendered tolerant if large doses of morphine are 
given, while if small doses are used the process is a slow one. In cats and certain 
other animals, a moderate degree of tolerance is also said to have been gained. 

The mechanism by which the body gains its resistance to the large 
doses of morphine is not understood in spite of many laborious researches 
which have been carried out on the subject. Many theories have been 
advanced to explain the phenomenon of morphine tolerance but none 
have been proven. However, the evidence points to some change in the 
cells of the nervous system. Finally recent excretion experiments 
(p. 342) indicate that a low percentage excretion of “bound” morphine 
is characteristic of tolerance. 

The inability of morphine to relieve pain after repeated administra- 
tion is a common clinical observation. Hence, tolerance to the narcotic 
action of morphine not only is most striking but occurs before other 
evidences of tolerance are noted. In addition, morphine early fails to 
depress respiration, and this effect almost parallels the ease of tolerance 
developed for pain relief. Furthermore, tolerance is developed for acute 
toxicity, emetic action and probably for vagal slowing of the heart. No 
tolerance is developed in man for the effects of morphine on the intestine, 
pupil, or local skin reaction following a hypodermic injection. 

Tolerance to the toxic effect of morphine is lost in' two or three days 
unless addiction is present and even then it disappears as soon as the 
abstinence symptoms have subsided. Many so-called cured addicts 
have died as a result of taking at the end of their withdrawal period a 
dose to which they were accustomed during addiction. 


morphine are also rcirnctory to its allies, coueuie aim uerum. 

Tolerance for codeine is difficult to develop in animals. In fact, 
patients may appear more susceptible to the drug after several doses, 
and a dose which at first gave relief now causes nausea and vomiting. 
It is possible that this may indicate a tolerance of some parts of the 
central nervous system which is not shared by the vomiting center. 
However, humans addicted to morphine have been satisfactorily main- 
tained for a week or two on adequate clones of codeine, indicating that a 
cross tolerance for this drug can be developed during addiction. Toler- 
ance to papaverine has not been proven. 

Chronic Opium or Morphine Poisoning (Addiction) is not an infrequent 
condition, but seems to be decreasing somewhat. Among eastern 
nations, especially China, opium is smoked (Chandoc) and some of 


r 
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the morphine is carried over in the smoke and absorbed from the respira- 
tory tract. This habit is rare in other parts of the world where the drug 
is taken by mouth, generally in the form of the tincture of opium 
(laudanum) or powdered opium pills, or is injected hypodermically as 
morphine hydrochloride or sulfate. 

> The opium habit began with the use of opium in medicine, but addic- 
tion to morphine developed only after the introduction of the hypodermic 
needle by Wood in 1855. Addiction to opium by smoking or eating the 
crude drug does not significantly differ from the addiction produced 
from repeated hypodermic injections of morphine. 

It is difficult to determine the actual number of opium and morphine 
addicts but the latest estimates give a figure of about 120,000 in the 
United States, 800 in Great Britain, and about 8,000 in Canada. In 
Europe and Asia, information on this point is extremely meager. It 
will indeed be interesting to obtain reports as to the effect of World 
War II on this important problem. 

In the beginning the quantity used is small, but as tolerance is 
attained, ever larger quantities are required to produce any effect, 
until as DeQuincey states in his "Confessions of an Opium-Eater/' 
"320 grains of opium may be required to stay the craving." [Amounts 
; taken daily by morphine addicts vary greatly but an average dose for 
, the usual addict is about 100 to 200 mgl 

If an addict is 'able to obtain a sufficient amount of morphine at 
regular intervals which trill prevent withdrawal symptoms, it is difficult 
to denote any change in physiological behavior. As a matter of fact, 
careful tests on more than 500 addicts indicate only slight variations 
• from the normal. ( Of some importance may be the findings of mild 
\ anemia, and a uniformly high blood lactic acid. Emaciation was noted 
| only in those addicts who could not afford a proper diet or who lived 
j under unhygienic surroundings. In addition, constipation and digestive 
f disturbances are not uncommon and a psychology develops whereby 
every act of living is motivated chiefly by a need to maintain a sufficient 
intake of the drug (Light, etal). * 

Opinions differ widely as to the mental deterioration present in 
opiate addiction. Unless the patient was psychotic before the addic- 
tion, it is doubtful if any definite changes occur. It is true that most 
experienced addicts soon evince a desire for continuation of the drug and 
craving is considered to be as pathognomonic of addiction as is the 
abstinence syndrome. There is, however, a reduction in efficiency of an 
addict when results of various psychological and psychophysiological 
tests are compared before and after dependence is established. 

Autopsy findings in human addicts are not specific. Congestion in 
various organs and fatty infiltration in others have been reported. 
Reports in rats suggest a regular incidence of giant cells in the spleen, 
but normal controls also exhibited this finding. It may be stated cat- 
egorically that there is no pathology of morphine addiction except the 
addiction itself. 

Once addiction to morphine is fully developed, the addict not only 
continues to take the drug because of a craving for it, but also because 
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of the fear of withdrawal symptoms. Earlier writers suppc$t«f that thoc 
symptoms u ere chiefly psychical and could lx? controlled hy the patient. 
That such is not true is evidenced by the fact that animals (dog and 
chimpanzee, especially) exhibit many of the withdrawal symptoms seen 
in man. It must, therefore, be considered that these symptoms art* real 
and not imaginary although the patient may lx: aide to voluntarily 
{idcct a quantitative differential in severity if he is certain that he will or 
will not receive the drug during the height of withdrawal. 

Upon withdrawal of the drug there is a striking change in the con- 
dition of the individual due to the appearance of the so-called with- 
drawal symptoms. These begin with restlessness and yawning. ' In a 
Tew hours the patient complains of being cold, the respiration is jerky, 
there is difficulty in breathing through the" hose and the nasal secretion 
is excessive. A prolonged sleep may follow but the earlier symptoms 
rceur with increased violence upon awakening. Hie patient complains 
of nlxlominnl cramps and vomiting nmldbirrhcn may appear. Sweating 
is excessive."' Muscular twitching is marked. Food and wafer are 
refused and sleep is difficult. Physical violence may Ik? threatened. 
Hie severity of these symptoms increases up to nlmtit the third day and 
subsides in about ten days, but if at any time during this period the 
addict should lx? given his usual injection, his whole appearance and 
attitude will change and within n few* minutes he will lx* comfortable 
and in lew than an hour will !>c apparently well and strong. 

A quantitative scheme of atatinenoe symptoms has Urn worked out 
by liimmebbach in onler to evaluate various forms of treatment. 

Aiistivcnck Srxnnouc 
Mihi Moderate 


Yawning 

Tremor 

Ijjcrimation 

Cloosenedi 

Hhinonhen 

Anorexia 

1’rrrpiration 

Mydria'is 

Mar Ltd 

Severe 

Jt)*e in temperature 

Vomiting 

lnrrra.«c in ro'prrnton* rate 

DLsrrlirn 

Increase in *y«to!ic hk«rxj-pres«ii7e 
ItrstW«nr*s 

Insomnia 

Wright l'>*s 


Nlulc the rigns given altovr do not encompass nil the symptoms «rrn 
during withdraw a!, they probably rrprr^nt lho*c nfgrvatr*t important**. 

Collafir may follow* upon sudden withdrawal of morphine from nn 
addict, but death rarely ixvur< Mild cnlla/ix? symptoms are common 
and of litfle imjinrbiiinr A most striking lalmrstory finding during 
flhsfinnjrr is a markrtl Icuctxntinis which i’ “ifnilar to tint fern in an 
acute infection. In d**g* the blond sugar ii rh-vnfrd during the fine 
work of withdrawal and a similar early finding b aJv» •'-r-ti in mm 
Tl.e lmtnr~t of chronic morphin'* pmvming ii tut too prrmbug 
*n.c will and m*W rontnd wotikl *rrsi completely pandered in mans 
ravi, and although the patient mas widi to l«* freed from hi’ rrxmy , 
hr rerun utterly unable f» withstand the craving. thu* treatment !»*- 
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comes a matter chiefly of rehabilitation. The only means of treatment 
which promises success in most cases is tiie strict regime of an asylum 
or retreat, where the patient is kept under constant supervision. In 
the withdrawal of the drug resulting in the distressing symptoms already 
mentioned there are two methods of treatment available. In the one 
case the narcotic is withdrawn at once, while in the other method the 
drug is reduced in amount from day to day until none is being admin- 
istered. Each method has its advocates. The withdrawal symptoms 
are more severe when the drug is withdrawn abruptly but after the 
third day they usually begin to decrease in intensity and by the end of a 
week or ten days the patient is usually comfortable. In the “tapering” 
process the symptoms are less severe but more prolonged. 

It should be emphasized that no drug therapy has been found to be 
satisfactory in the treatment of opiate addiction. Prolonged use of 
hypnotics only lengthens the period of craving. Intravenous glucose 
during the height of withdrawal has been found helpful chiefly in main- 
taining a somewhat near normal nutritional and metabolic balance. 
Addicts should not be considered as prisoners, but rather as patients 
who are mentally ill. Only in this way will adjustment toward a healthy 
life occur. Of 4,766 male patients treated at the United States Public 
Health Hospital at Lexington, Kentucky from 1936 to 1940, a check-up 
three years later revealed that 74.7 per cent of those not dead or unknown 
had relapsed while 25.3 per cent had remained abstinent. This study 
emphasizes the fact that the general belief that an addict can never be 
cured is not true. 

As a cause of a drug habit, codeine is of relatively little importance; 
very few cases of addiction to it have been reported. However, the 
statement which is sometimes made that codeine has no addicting 
properties is not strictly correct. Cases of addiction to codeine u’hich 
have been described are usually not primary addiction but are more 
commonly secondary to the use of morphine. That is, the patient has 
become addicted to morphine and when for some reason he is unable to 
secure this drug he resorts to codeine. 

Other Opiates.— Heroin, diacetylmorphine, is a synthetic alkaloid formed 
from morphine. It resembles morphine in its general effects, but acts more 
strongly on both cerebrum and medulla than docs morphine, and is therefore 

' theadvan- 

r impartial 
the treat- 
Heroin is 

excreted mainly in the urine unchanged, but some is found in the stools. 

J a drug's action 

• ■ ‘ ' administered 

■ ,h some of the 


changes in the individual progress faster tl 

drugs, and all the higher faculties of the mind, such as judgment, seit-conuoi, 
and attention, are weakened and the addict rapidly becomes a mental ana 
moral degenerate. The heroin habit is most difficult to cure, not only w tne 
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active withdrawal period but also in the convalescent starve, and relapse is 
frequent. Because of its marked ability to produce habit formation, it is no 
longer included in the U. S. P. Also, its importation into the United Slates is 
illegal. 

Dihydromorphinone Hydrochloride (Dilaudid) was fir^t described in 
1923 and after a brief study was introduced into the clinic, the first 
report of its action in man appearing in 1920. 

Chemically it differs from morphine in that the alcoholic h\ dro.xw I 
group of that alkaloid is replaced by ketonic oxygen and the mljaccnt 
double bond is removed by hydrogenation. The earlier experimental 
work showed that dilaudid produced analgesia ami narcosis and acted 
upon the respiration hi a manner similar to morphine, with the difference 
that it was effective in about one-quarter the dosage, in the dog. 
restlessness and vomiting were followed by depression, somnolence, 
analgesia, and slowing of the respiration. In the rabbit, the respiration 
was slowed very markedly, but some deepening of the respiration took 
place so that the effect of the slowing was partially compensated. 

The resemblance of dilaudid to morphine which has been shown in the 
laboratory is confirmed in the clinic. In man the drug is powerfully 
analgesic mid also markedly depressing to the respiration while nausea, 
vomiting, and constipation arc not so marked ns with morphine. Tol- 
erance and addiction to dilaudid occurs, as a number of dilaudid addicts 
haxc been reported, showing that the same care should Ik* exercised in 
prescribing dilaudid as is used in the ca*-e of the natural opium alkaloids. 

Dilaudid is used in the same manner as morphine for the relief of 
pain and as an analgesic but in much smaller doses- usually 1 to 2 mg. 
For cough a dose about half that size is used. In general, the do«c of 
dilaudid to he given is about one-fifth that of morphine 

71 ' ‘ * ” ' * - • ■ ;*» * : **ies pro- 

• pxmjv 

• . • , ■ ■ , there* 

• ... < ■ ■ ■ ■ of nw>r» 



Papaverine stands midwnx Mw-rcn codeine and morphine in its 
action on the central nrnous system and is n comparatixtly x\»ak 
pobon although it doe* pos^s a definite, though ‘light, focal anes- 
thetic action. <K\ en in large quantities, it has not the joporific action 
of morphine, nor does it produce sleep, hut on the contrary, 
excitability is nugtmnted, mid after xery large quantities *omr tetanic 
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spasm may be elicited. This seems to be of spinal origin entirely while 
that produced by codeine points rather to an affection of the lower part 
i of the brain, ['Papaverine has a greater tendency .to slow the heart 
s rate than morphine, and it apparently acts directly on the heart muscle 
to produce this effect! In addition, it depresses the smooth muscles 
of arterioles so that when it is perfused through them, the blood-pres- 
sure is somewhat lowered. However, ordinary amounts administered 
systematically cause little if any change. In the' dog, papaverine sig- 
nificantly raised the fibrillation threshold of the ventricle when admin- 
istered in therapeutic doses. Large doses lower the threshold for fibril- 
lation especially if enough is given to cause a sharp drop in blood- 
pressure. However, there is no conclusive proof that papaverine will 
bring about spontaneous recovery in a fibrillating heart (Wegria and 
Nickerson). Its action upon the intestinal tract of the intact animal is 
practically without therapeutic importance. Upon excised tissues 
(ureter, gall bladder, etc.) papaverine and the other benzyl isoquinoline 
alkaloids relax the tone, slow the contractions, and thus antagonize 
morphine, and it has been shown that this action on these organs and- 
upon unstriated muscle occurs to some extent in man. Papaverine 
seems to undergo complete destruction in the tissues. Tolerance and 
addiction to papaverine is unknown. 
f Ethylmorphine (Dionin) stands about midway between morphine and 
I codeine in its pharmacological effects. However, it is not used for the 
relief of pain, because it possesses local irritating properties on mucous 
membranes. 

Dihydroisocodeine, Dihydrohydroxy codeinone (eucodal), Dihydrocodeine 
(paracodin), and Dihydrocodeinone (dicodide) have all been suggested as 
I substitutes for codeine in the treatment of cough. Of these, the latter, 
as dihydrocodeinone bitariratp (hycodan), deserves special mention. It 
. is less "toxic than codeine and possesses less convulsant and emetic 
activity; also less tolerance is usually noted. For intractable cough in 
children following infectious diseases, and in tuberculosis in the adult, 
oral doses of 1 and 5 mg. respectively in a pleasant tasting syrup are 
efficient. 

More than 120 other compounds related to morphine have been 
synthesized, but only two deserve special mention. The first of these 
{ is Methyldihydromorphinone (meiopon). It has no especial advantage 
over morphine, except possibly in severe chronic pain and in terminal 
cancer (Lee). It produces tolerance less rapidly than morphine and 
dependence is lost more easily once established. A comparable anal- 
gesia produced by 10 mg. of morphine can be obtained with only one- 
( half as much metopon. The second compound, 6-monoacetyLmorphine 
not only is about four times more analgesic than morphine, but it appears 
to permit increased voluntary muscular effort and greater cooperation 
of mobilization in patients suffering from traumatizing wounds. How- 
ever, it causes more euphoria than does morphine and hence is probably 
not suitable for ordinary relief of pain because of its greater addiction 
liability. _ ... 

Opium itself contains, besides the alkaloids already discussed, various 
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acids with which they are in combination: meconic, lactic, and sulfuric 
acid, but none of these possess any action of importance. Along with 
these are found gums, sugars, albumins, wax, and the other common 
constituents of plant juices, but these merely tend to delay the absorp- 
tion of the active constituent, and cannot be said to play any part in 
the effects of opium. Of the alkaloids, morphine is present in greatest 
abundance, and is also the most powerful in its effects on man. Accord- 
ing to most observers, the action of opium on the brain is practically 
identical with that of morphine, when due allowance is made for the 
slower absorption of the crude drug from the bowel; if any difference 
exists, it is so small as to be inappreciable in ordinary cases. However, 
Some clinicians feel that a mixture of all the alkaloids of opium, Pantopon 
(Omnopon), is less apt to cause nausea, vomiting, and other untoward 
Symptoms as compared with morphine. This has not been shown to 
have more narcotic action than the morphine that it contains. Being 
free from extractives it may be given hypodermically in doses of from 
0.005 to 0.02 gram. 

Therapeutic Uses.— The alkaloids of opium constitute one of the most 
important and most extensively used group of drugs in the pharma- 
copeias of the present day as in the past. The crude drug lias been 
largely replaced by its alkaloids, but the action is essentially the same, 
and although morphine is preferable in most cases, opium is still espe- 
cially indicated for certain purposes. In almost any disease, conditions 
which are favorably influenced by morphine may present themsehes, 
and these conditions alone can be discussed here. 

As has been repeatedly mentioned, opium or morphine has a special 
analgesic action which is not shared by its modem rivals of the methane 
series. The general statement may suffice that severe pain indicates 
opium. Even where the disease itself is one which would, in ordinary 
circumstances, contraindicate it, it must always be taken into considera- 
tion whether the relief of the pain and its attendant restlessness may not 
counterbalance the disadvantages of the narcotic. At the same time, 
the danger of inducing the craving for morphine cannot be forgotten, 
for the use of morphine to subdue pain has been a fruitful cause of the 
habit. It is often found that comparatively small quantities of opium ^ 
are sufficient to remove or, at any rate, to dull pain, but after repeated 
doses the quantity has to be increased owing to tolerance being attained 
Codeine may be used instead of morphine to allay pain, but lias to be 
given in at least four times as large a dose, and is ineffecth e in sc' ere 
pain. Some forms of pain are relieved by the members of the anti- 
pyrine series, but these are less certain and more limited in their action 
than morphine. On the other hand, the antipyretics will often rehc\c 
pains of a neuralgic type and thus they possess a great advantage o' er 
opium in the treatment of headache, neuralgia, and similar conditions 
on account of the elimination of the danger of forming a morphine habit. 

The usual hypodermic dose of morphine sulfate is 8 to 10 mg , of 
“dilaudid,” 1 to 2 mg., and of codeine, 30 to 00 mg Howe'er, 
sublingual administration is highly effective when it is not possible to 
inject these drugs. Papaverine possesses no analgesic action per se. It 
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should be emphasized that no two persons exhibit the same degree and 
intensity of pain and hence doses necessary to relieve pain vary. In 
any case the dictum “pain is the best antidote for morphine” should 
always be remembered. 

It is not practical to list all the diseases causing pain for which the 
opiates are indicated. Suffice it to say that the physician must use con- 
sidered judgment in using these drugs and never administer them 
thoughtlessly. 

The use of opium alkaloids routinely to produce sleep should not be 
condoned, because of the liability of habit formation. (If sleeplessness 
exists because of severe pain, then morphine is indicated*' Opium is less 
efficient than certain of the hypnotics when there is' apparently an 
increased activity of the motor functions of the brain, as in wild delirium 
and mania, and sometimes seems even to increase the excitement, but 
this general statement is subject to numerous exceptions, and morphine 
is still used occasionally in such disorders. ! In the true convulsive dis- 
eases, such as tetanus, epilepsy, and chorea,' the chloral group or one of 
the barbituric acid derivatives is preferable.! In certain forms of motor 
excitation, especially in insanity, scopolamine or a barbiturate may be 
indicated as a sedative, and in cases of sleeplessness from anxiety and 
worry one of the barbiturates or potassium bromide is generally pre- 
ferred to any of the more powerful sedatives. The beneficial effect of 
morphine in many acute febrile conditions is undeniable, and, as in the 
case of alcohol, is due to its lessening the pain and discomfort of the 
patient and inducing rest. 

In Respiratory Disorders opium and morphine or, perhaps still better, 
codeine are largely used for their effects on the center. Where it is 
desirable to lessen its irritability as, for example, in excessive cough and 
dyspnea, opium may be indicated. On the other hand, when there is a 
profuse expectoration, the irritability of the center cannot be lowered 
without danger, and opium is contraindicated. Opium gives relief in 
cases of asthma, but there is always danger of inducing the habit. In 
the rapid, shallow breathing of heart disease, the administration of 
opium or morphine is often followed by slow, deep, peaceful respiration 
without any reduction in the efficiency of the ventilation. 

Opium is often combined with expectorants in the treatment of cough, 
and a number of suitable preparations are providedin the pharma- 
copeias, such as Camphorated Tincture of Opium (paregoric) and Powder 
of Ipecac and Opium, N. F. (Dover’s powder), in doses of 4 ce. and 0.3 
gram respectively. In addition, the N. F. preparation of Elixir of 
Terpin Hydrate and Codeine in doses of 4 cc. is a useful preparation for 
cough. The object of combining expectorants with opium is to allay 
excessive coughing; the opium reduces the excitability of the center, 
while the expectorant causes a secretion of mucus in the respiratory 
passages and thus protects the irritated mucous membrane. l Hi e 
combination is indicated only in dry cough with little expectoration, 
and when there is abundant sputum to be removed by coughing, the 
treatment might be unnecessary and even harmful. Codeine is usually 
preferred to morphine in these cases because it reduces the excitability 
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of the respiratory center with less marked cerebral depression. Daven- 
port found that, in the great majority of tuberculous patients requiring 
medication for the relief of cough, codeine in a dose of 10 mg. orally 
was sufficient. Ernst found a high degree of potentiation of morphine 
by codeine in subduing the cough reflex, and recommended a com- 
bination of them as superior to either .alone. Heroin and dionin were 
introduced as superior to codeine for relieving cough, but impartial 
investigators of these drugs have generally failed to obtain better results 
from them than from codeine and morphine. Of more recent interest 
is the use of “hycodan," which possesses certain advantages over codeine 
in the treatment of cough (p. 350). 

In Peritonitis and Intestinal Disorders opium is indicated doubly; first, 
for its general action in allaying pain and restlessess; and secondly, for 
its special action upon the movements of the intestine. Opium is usually 
considered preferable to morphine for these purposes. In colic, especially 
lead colic, morphine often relieves the pain without increasing the con- 
stipation and seems to allay the spasm of the bowel without stopping 
entirely its peristalsis. In diarrhea, opium inay be given to check the 
excessive peristalsis, though in the severer forms of dysentery it gen- 
erally fails to have this effect, and in septic purging is to be avoided. 
In perforation and hemorrhage from the bowel, opium is the most 
efficient of all remedies, as it allows adhesions or clots to be formed 
which would prevent further leakage and at the same time it allays the 
anxiety and restlessness of the patient. 

The pharmacopeias offer a number of preparations especially designed 
for use in intestinal disorders and especially in diarrhea, such as paregoric, 
laudanum, or the compound chalk powder. 

In Hemorrhage where the bleeding point cannot be reached, opium or 
morphine is most valuable. This is not from any direct effect on the 
vessels or blood, but because it allays the restlessness of the patient 
which follows the loss of large quantities of blood, and thus allows the 
blood to clot in the ruptured vessel. The same preparations are suitable 
here as for pain. 

Morphine in doses of 10 rag., or combined with atropine or scopola- 
mine (0.4 mg.), is frequently given hypodermically its a preliminary 
to general Anesthesia. If a barbiturate premies this combination, 
anxiety and apprehension of the patient is allav cd ami less anesthetic is 
required. Morphine and scopolamine have been used al«o to a certain 
extent in labor (“twilight sleep”) hut *omc believe that it is dangerous 
to the child through depressing the respirators center and through 
prolongation of labor. Used judiciously, it affords some analgesia and 
produces a temporary amnesia which is beneficial to the obstetric 
patient. 

Opium has been used as a Diaphoretic, and for this purpose it is gen- 
erally combined with ipecac and prescribed as Dover s f>o\uler. Al- 
though in itself it has little or no diaphoretic action, opium mn> aug- 
ment the effects of ipecac through dilating the skin \ cs«c!s. Papaverine 
and codeine (“copaun”), in 16 mg. doses respectively, have been 
recommended for the abortion of the common cold. Proof is lacking tor 
23 



354 SUBSTANCES ACTING AFTER ABSORPTION 

any specific effect on the disease, but the patient usually feels better- 
hence they do no harm. Opium and its alkaloids have almost no effect 
when applied to the skin, and the plaster, ointment, and other similar 
preparations are obsolete. 

Morphine or dilaudid are especially indicated in the treatment of 
coronary occlusion to control the excruciating pain of this disease. 
Larger doses than usual are often necessary and 8 mg. of morphine 
may be given intravenously. In cardiac dyspnea, morphine is very 
effective since it makes for a better air exchange by restoring the carbon 
dioxide pressure of the body and the medulla to a more nearly normal 
level. The gastric crisis seen in neurosyphilis often demands swift relief 
of pain and opium alkaloids are often indicated. In shock, where pain 
and restlessness are severe, morphine is definitely indicated. However, 
large doses (30 mg.) should not be repeated more often than every six 
hours unless marked pain is still present or unless the period of shock is 
well passed. If such a plan is not followed, over-dosage is very apt to 
occur due to the lessened circulation produced by the shock itself. For 
the relief of postoperative pain, morphine, combined with neostigmine, 
has been found to be effective and the dose of morphine required is 
considerably less than usual. In the pain of terminal carcinoma, opiates 
must be used cautiously so that tolerance is not too quickly developed. 
NeUhof’s method of giving intravenously 100 cc. of physiological saline 
containing 4 mg. of morphine per hour may be found useful. Even 
though morphine increases the contractility of the gall bladder and 
ureter, it is still used for the pain of biliary and ureteral colic. Its use 
here is one in which the patient ignores the pain because of its action 
on the central nervous system. 

Codeine is perhaps less often used than morphine in therapeutics as 
it is of less value than morphine in allaying pain, but it is used very 
extensively as a sedative in cough and there is little tendency to form 
the codeine habit. 

Hecause of its general depressant effect on smooth muscle, papaverine 
(30 to 00 mg. hypodermically or intravenously) is recommended in 
peripheral embolism, acute myocardial infarction, angina pectoris, 
mesenteric embolism, bronchial asthma, and renal and biliary colic. In 
addition, it is probably of value in reducing the tendency toward cardiac 
arrhythmias. However, two recent reports of death following intra- 
venous injections of 30 to G5 mg. of this drug should serve as a warning 
that papaverine must be used cautiously when administered by this 
route. 

“Dilaudid” may be substituted for morphine wherever the latter is 
indicated and pantopon likewise; some clinicians prefer pantopon because 
they feel that it produces less side effects than does morphine. Opium 
and its alkaloids must be used cautiously in children, although when 
the dosage is figured on a weight basis, infants over four months of 
age are not mpre susceptible. Meningitis, severe head injuries and acute 
cerebral congestion are definite contraindications to the use of these 
drugs. Their use prior to cyclopropane anesthesia is somewhat ques- 
tionable as it may increase Hie possibility of cardiac irregularities. In 
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addition, use of them is contra-indicated if the patient is not actually 
suffering from severe pain and if other less habit-forming drur= "i'J 
suffice. 

At the present time, ethyl . * • > , 

to produce vasodilatation and < . * ** :■ ^einosis 

is of value for its analgesic at ■ • -.Acts an comeal ulcer and 

other inflammatory conditions in the eye. For this purpose it is usually 
employed in a 5 to 10 per cent solution, although a 20 per cent solution 
or even the dry powder is sometimes used. 

Preparations 
U. S. P „ 

AvmTntoni’UiNA: HYpnocBLORlDUAi, ethylmorphine hydrochloride (Ci»If»r 
OiN.HCJ.2HiO) (“Diomn”), occurs as a white or faintly yellow powder with 
no odor. One gram dissolves in 10 cc of water and in 25 cc of alcohol. Dose, 
15 mg, 

Codeina, codeine (ChH» 0»K H»0), occurs as a white crystalline ponder, 

1 gram being soluble in 120 cc of water and in 2 cc. of alcohol Dose, 30 mg. 

Codeixe Pjiospiias, codeine phosphate (Ci*H*iOiN.IfiPO,. occurs as 
a fine white crystalline powder with no odor. One gram dissolves in 2.5 cc. of 
water and in 325 cc. of alcohol. Dose, 30 mg 

Codein.e Sulphas, codeine sulfate ((C,,n«0*N)* H t S0,.5H t 0), occurs as 
white ncedlc-like crystals or powder. One gram is soluble in 30 cc of water and 
in I2S0 cc. of alcohol. Dose, 30 mg 

DmTDtiojioRrniNONl Hydrochloridem, dihydromorplunonc hydrochloride, 
(Ci>H»»0,IsMICJ) ("Ddaudid "), occurs as a fine white odorless crystalline 
powder. One gram dissolves in about 3 cc. of water and it is sparingly soluble 
m alcohol. Do«o, 2 mg. 

Morfiuxe Sulfas, morphine eulfatc ((Cnlfi ,0*Is’)».HjS0».5n»O}, occurs as 
white feathery silky- crystals or as white crystalline powder. One gram dissolves 
in 1G cc. of water and 570 cc. of alcohol. Dose, 10 mg. 

Opium, opium, yields not less than 05 per cent of morphine. 

Opium Grarulalum, granulated opium, yields not less than 10 per cent of 
morphine. Dose, CO mg. 

Oriuat Pulyeravum, powdered opium, yields not less than 10 per cent of 
morphine. Dose, CO mg. 

TADELL.fi Codeixb lhiosritATis, codeine phosphate tablets. Dose, 30 mg. 

Taiif.lla: Codeine Sulfatjs, codeine sulfate tablets. Dose, 30 mg. 

Tabelw; Monpuncjn Scleatis, morphine sulfate tablets. Dofc, 10 mg. 

TlNCTUiu Orit, tincture of opium (laudanum). Each 100 cc. contains not 
lc«s than 0 93 gram of morphine; absolute alcohol content, almut 18 per cent. 
Doce, 0 G cc. 

Tivcrrunv Orit Camphorvta, camphorat^* *’• * ■ '• 

Each lOGcc. contains not Jc« * l - " ' *** * ' • 

benzoic acid and camphor. 


b. r. 

Codei.va, morphine mcthjl ether (CulIuOjN’.lljO), eolorle«s, odorless, trans- 
lucent, crystalline powder «ith a bitter taste. ft is soluble in 120 parts of water 
and readily soluble in alcohol. I)o«o, 0016 to OOG gram. 

Congjv.j; I‘no*<mAs, codeine phosphate CCtiHnOiX,Hil'O..H,0), colorli'*', 
odorless aeieid.ar, crystalline powder w ith * bitter taste, H is soluble in 3 5 parts 
of v ater and in 330 parts of alcohol. Dow, OOiG lo 0 0G gram 

OuMonnuv.r. lirnnocm/iRrorif. dinmorphine hydrochloride^ (heroin) 
fCj,Ht,0,N,I!Cl,HjO), colorless, odorless, crystalline powder with a hitter ta»le. 
it is soluble in 2 parts of water and in 11 parts of alcohol. Po*e. 0 P025 to 
0005 gram. 
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Extractum Opii Siccum, dry extract of opium, contains 20 per cent of' 
morphine. Dose, 0.015 to 0.0G gram. 

Liquor Morfhdms Hydrociiloridi, solution of morphine hydrochloride, 
contains 1 per cent of morphine hydrochloride, absolute alcohol content about 
25 per cent. Dose, 0 3 to 2 mil. 

Moiu’HWMB Hydrochloridum, morphine hydrochloride (Ci 7 H„N,HC1,3H,0), 

. . ' 1 T ~5 parts 

■ ' ■ odor* 

. . )owder 

with a bitter taste. It is soluble in 15.5 parts of water and in 565 parts of alcohol. 
Dose, 0.008 to 0.02 gram. 

Morphine Tartras, morphine tartrate ((CnHi»0jN),,C4H 4 0 t ,3H 3 0), minute, 
colorless, odorless crystals with a bitter taste. It is soluble in 11 parts of water 
and sparingly soluble in alcohol. Dose, 0.008 to 0.02 gram. 

Opium, opium, contains not less than 9.5 per cent of morphine. 

Opium Pulveratum, powdered opium, contains 10 per cent of morphine. 
Dose, 0.03 to 0.2 gram. 

Pulvis Cretve Aromaticub Cum Opio, aromatic powder of chalk with opium, 
contains 2.5 per cent of powdered opium equivalent to 0.25 per cent of morphine. 
Dose, 0.6 to 4 grams. 

Pulvis Ipecacuanha et Opii, powder of ipecacuanha and opium (Dover’s 
" 1 J .«-<■. 1 1 ■ ’ * r ipecacuanha, 

. ‘ to 0 6 gram. 

. ' rf am 0 f mor . 

phine hydrochloride. 

SuPPOSITORIUM PlUMBI CuM ° ■' * ' ’ ’ * -n..v 

suppository contains lead nceta 
Tabella Codeina PnospnA * ; . ■ 

to 0.00 gram. 

Tinctura Opii, tincture of opium (laudanum), contains 1 per cent w/v of 
morphine; absolute alcohol content, about 43 per cent. Dose, 0.3 to 2 mil. . 

Tinctura Opii Campiiorata, camp! ' ** ' f ’ ' ***' 

contains 0.05 per cent w/v of morphine * 

absolute alcohol content, about 58 per c ’ 1 

Tinctura Orii Campiiorata Concentrata, concentrated camphorated tinc- 
ture of opium, contains 0 4 per cent of morphine. Dose, 0.25 to 0 5 mil. 

Tnocniscus MonrinNA et Ipecacuanha, lozenge of morphine and ipe- 
cacuanha. Each lozenge contains about 0.002 gram of morphine hydrochloride 
and about 0 006 gram of ipecacuanha. 
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V. OTHER ANALGESICS 

Isonipccaine, Meperi(Uno^^^) 

There Ims been n never-ending search for~ drugs that possess marked 
analgesic properties without producing the side reactions of the opiates. 
One of these, isonipccaine (pethidine) marketed under the trade name of 
Demerol (Dolantin), deserves special mention. 

C«II|— C— COOC*il» 
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Isonipccaine, tlic ethyl ester of l-mctbyM-phcnyl-p)perdine4- 
carboxylic acid, was introduced by Kistcb and Sclmumann in 1939. It 
is administered as the hydrochloride salt which is freely soluble in water. 

In general, its pharmacological actions on the pupil, heart, bronchi, 
and vagus resemble those of atropine while its effects on bronchi, 
intestine, and blood-vessels are similar to the spasmolytic effects of 
papaverine. Resemblance to morphine is seen in its analgesic, sedative, 
and euphoric properties, and certain of its side effects arc similar. In 
addition, it possesses a slight local anesthetic effect; thus mildly re- 
sembling the action of cocaine. 

The effect of isonipccaine on the Central Nervous System is similar to 
that produced by morphine. It exerts a generalized depression of 
central nervous activity. The cough reflex is little affected with ordinary 
doses (100 mg.) and even with larger doses, respiratory’ depression is 
never as great as with morphine. The vomiting center is depressed under 
isonipecaine, but iittfe action is noted on the vasomotor centers with 
usual therapeutic doses. Euphoria is not uncommon (90 per cent), and 
this effect may lead to addiction. Relief of pain by isonipecaine is not 
as effective as with a comparable therapeutic dose of morphine, and the 
effects are not as persistent. Given parenterally, relief of pain comes 
on in about fifteen minutes, reaches a peak in forty-five minutes, and 
subsides in about two hours. The analgesic power of isonipecaine m 
usual doses is greater than that obtained from 04 mg. of codeine but 
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less than from 10 to 16 mg. of morphine. In many instances, isonip- 
ecaine is found to be less effective than morphine against sudden acute 
pain. In addition to its analgesic action, isonipecaine causes sedation 
and sleep in the presence of pain, but this action is not uniformly present 
or may even bo lacking in about 15 per cent of cases. 

The effects of ordinary doses of isonipecaine on the Respiration and 
Circulation appear to be negligible. Administered intravenously in dogs, 
a marked fall in blood-pressure and a sudden decrease in depth and 
rate of respiration has been reported (Gruber, el al.) but these findings 
are not consistent in man unless advanced cerebral arteriosclerosis is 
present. Some vasodilatation of the blush area may be noted following 
therapeutic doses of isonipecaine but are of a transitory nature, the 
action being a depression of the smooth muscles of the arterioles. The 
heart rate may be slowed slightly in hypersensitive patients in the 
upright position, but direct cardiac depression does not occur with 
ordinary doses. Isonipecaine does not produce the cardiac irregularities 
in dogs under cyclopropane anesthesia as they are usually seen with 
morphine (Robbins). 

Isonipecaine differs markedly from morphine in its Smooth Muscle 
effects. In man, the stomach, pylorus, small and large intestine, and 
bronchi are regularly relaxed. The action is partly anticholinergic 
and partly a direct depression of smooth muscle. The ureter and gall 
bladder also relax under isonipecaine, but no change in pupil size or 
accommodation have been noted. While it is said that urinary retention 
is not common following isonipecaine administration, its effects on the 
urinary bladder are not clearly defined. Large doses (up to 400 mg.) 
produce no change in the tonus of the uterus. Whenever isonipecaine 
relaxes smooth muscle, it does so more readily if the tonus and con- 
tractility ha\ e been previously increased. It is on this basis that it may 
be superior to morphine in the relief of pain associated with renal and 
biliary colie. 

Marked Metabolic disurbanccs are not caused by isonipecaine. It is 
rapidly destroyed by the liver and little of it appears to be excreted 
in the urine. This probably accounts for its short duration of analgesia 
as well as its lack of cumulative effects if administered every three or 
four hours. In vitro experiments show that an enzyme present in the 
liver hydrolyzes the drug. This action is prevented by c^crine, but the 
esterase responsible i3 not choline or atropine esterase (Bcrnhcim and 
Bernhcim). 

Tolerance and Addiction to isonipecaine occur, but the incidence is 
lielicvcd to be less than that of morphine. For the most part, tolerance 
h limited to the analgesic property of isonipecaine nnd is said to be 
maximal in about eight weeks (Andrew's). In addition, side effects are 
less pronounced after continued administration of the drug. Addiction 
studies in man re\enl that isonipecaine will not only cause dependence 
but that it partially satisfies dependence established to morphine. For- 
tunately, the abstinence syndrome following the withdrawal of ivinipe- 
caine is not ns severe as with morphine; hence, isonipecaine addiction 
may more easily respond to treatment. 
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VI. CANNABIS 




The hemp plant, cannabis sativ a, grows readily in warm climates such 
as India, Egypt, Mexico, or the southwestern section of the United 
States. It has been eaten to produce inebriation by peoples in the 
Orient since time immemorial, under the names of Hashish, Jihang, 
Ganja, C haras, or Churrus. Some of the preparations arc smoked 
cither alone or mixed with tobacco, others form an intoxicating drink, 
while in others it is mixed w ith sugar or honey and taken as n confection. 
During the last decade and especially since 11133, the practice of smoking 
cigarettes, containing ^Indian hemp under the name of “Marihuana,” 
has become increasingly prevalent in some parts of the United States 
and to a less extent in Canada and England. In the southwestern area 
of the United States and in Mexico, the marihuana habit has become 
more of a problem than any other drug habit, 'Hie vice is not uncom- 
mon in adolescents nnd even in children and there appears to lie some 
relationship lie tween the incidence of the habit nnd crime. The authori- 
ties concerned ha\ c taken steps to stamp out the practice. The problem 
has recently l»een reviewed by Walton who has giv en a historical account 
of addiction to Indian hemp with nn exhaustive bibliography. 
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The active principle of Indian hemp has been found to be a red oil or resin 
j'Lyboiling at a high temperature (Cannabinol) ; this was found by Marshall to 
ji J J * ’ ■ rr *' ~ e ' 1 'i in man and animals. Frankel states that 

- ' -ie formula: OHC ?a H s »COH. 

rinciplo of cannabis will produce ataxia in 
u . rabbit, but there are other substances in 

hemp which will independently cause one or both of these effects as well. 

Symptoms.— The effects of cannabis are similar no matter whether it is eaten 
as the crude drug or smoked in cigarettes. They consist chiefly in a mixture of 
depression and stimulation similar to that seen under small doses of morphine. 
Soon after Us administration, the patient passes into a dreamy, semi-conscious 
11 ’ 1 *’ * 1 * i im •* e imagination is untram- 

vividness of visions, are 
ie character and pursuits 

■ . . 0 ' out apparent continuity, 

and all measurement of time and space is lost. True hallucinations may appear, 
but are often absent. During this period the consciousness is not entirely lost, 
for the patient often feels that his dreams are unreal, his satisfaction unfounded, 
and his movements ridiculous, but he cannot restrain them ; he can give a coher- 
ent account of his condition when aroused and answer questions intelligently. 
The sensation of pain is lessened or entirely absent, and the sense of touch i3 
less acute than normally. Later the dreams alternate with periods of complete 

u.t . . i*...* — ----- sed easily, and the symp- 
■ ' • . 'he awakens refreshed and, 

■ ‘ • In the majority of cases, 

the preliminary stage ol exaltation is very miun or entirely absent. According 
to Dixon, the drug may be more exhilarating when inhaled than when swal- 
lowed, and this may account for some of the variations in its action. In some 
cases, acute mania and convulsive attacks have been developed, and among 
the natives of India, catalepsy occasionally occurs. 

Death from acute poisoning is extremely rare, and recovery has occurred 
after enormous doses. The continued abuse of hashish in the East sometimes 
1 j.» : ■- "J’-' acquired. 

■ l • • »tic in cases of sleep- 

■ tin, but preparations 

of ■ ■ ' „ 


ren , 

REFERENCES 

Chopra a m> Chopra: Indian Med. Res. Mem., 31, 1, 1939. (Hemp Addiction in India.) 
Dixon: Brit. Med. Jour., 2, 1354, 1899. (Pharmacology.) 

Frankel: Arch. f. exper. Path. u. Pharmakol., 49, 266, 1903. 

Loewe 1 Jour. Pharm. and Exper. Therap., 84, 78, 1945. 

Marshall: Lancet, 1, 235, 1897. , 

Walton: Marihuana: America’s New Drug Problem, Philadelphia, J. B. Lippmcott 
Company, 1938. 


Mescaline (trimethoxy-phenyl methylamine).— A number of alkaloids, some 
resembling morphine, others like strychnine in their effects on animals,, have 
been isolated from different members of a small cactus, Lophophora wiliiamsu 
(formerly Anhaloniura Iewinii). In Mexico and along the southern boundary 
of the United States where these plants are indigenous, some of them are used 
as narcotics in the religious rites of the Indians and are known as Peyote j>r 
Mesca 
differ 
visioni 
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mescaline. Very large doses have induced unpleasant symptoms through depres- 
sion of the respiration. Peyote is said to produce a peculiar pelvic band of 
analgesia and is used by some Indian tribes in obstetrics on this basis Tainter, 
et al. found that mescaline raised the convulsive threshold in rabbits 
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Vn. APOMORPHINE 

When morphine is acted on by acids and by some other dehydrating 
agents, it loses a molecule of water, and a new alkaloid is formed. 

Apomorphine (C^HuNOl)• 

CBj Hj 



Through this change, the action of the original alkaloid is considerably 
modified; apomorphine preserves the stimulant but loses to a great 
degree the depressant action of morphine on the central nervous system. 
This stimulant action extends over the whole central nervous system in 
animals, but is most developed in the “vomiting center" of the medulla 
oblongata. 

Symptoms.— In man, apomorphine in doses of 5 to 10 mg. induces 
within ten to fifteen minutes nausea and vomiting. Very often the 
nausea passes off immediately after the evacuation of the stomach, but 
when larger quantities have been administered, repeated vomiting and 
retching may occur. Occasionally depression and sleep follow the 
emesis after even small doses. 

The attendant symptoms are profuse salivation, increased secretion 
of the mucous glands of the nose, throat, and bronchial passages, tears, 
and a cold perspiration. A feeling of depression and muscular weakness 
and acceleration of the pulse are also well-known symptoms accompany- 
ing na ’ ’* ’ ‘. f *‘ ' "" 

all to ' ' 1 

due tc ■ ' ■ “ ■ ■ 

a few instances, the depression and weakness have passed into alarming 
collapse, but no actual fatality is recorded from the use of apomorphine. 

Very small doses of apomorphine may induce the secondary symp- 
toms without actual vomiting. Thus the saliva, perspiration, tears, and 
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other secretions may be augmented by quantities which are too small 
to act as emetics. 

Apomorphine induces vomiting through changes in the medulla 
oblongata and not by irritation of the stomach. This is shown by the 
fact that it acts much more quickly and in smaller doses when it is 
injected hypodermically or intramuscularly than when it is swallowed 
and also by the fact that if the medulla is brushed with apomorphine 
solution, vomiting follows immediately. The movements of vomiting 
may also be induced in animals after the removal of the stomach and 
intestines. 

In addition, large doses of apomorphine can cause depression of the 
central nervous system to the extent that no emesis occurs. 

Apocodeine is formed from codeine in the same way as apomorphine from 
morphine, but it differ: ■ r ’ f 
nicotine in paralyzing • 

t 'ected hypodermically, ... . . 

towel movements (Di> 
morphine is formed and not apocodeine. 

Therapeutic Uses.— Apomorphine is used chiefly as an emetic and 
presents several advantages over other drugs employed for this purpose, 
inasmuch as it acts more promptly and can be administered by the 
hypodermic needle, while most of other emetics (ipecac and emetine 
excepted) cause vomiting by irritating the stomach and have to be 
given by the mouth, which is a serious drawback in cases of poisoning. 
The more important of these older drugs are ipecac, ammonium car- 
bonate, the sulfates of copper, zinc, and alum. 

Vomiting is not now such an important method of treatment as it 
was formerly, and the emetics are less frequently employed to evacuate 
the stomach than other measures, such as repeated washing of the 
stomach by means of the stomach tube. In narcotic poisoning, apo- 
morphine not infrequently fails to act, owing to the depression of the 
vomiting center, and in corrosive poisoning, a certain amount of danger 
attends its use as the pressure on the walls of the stomach exerted by the 
contraction of the diaphragm and abdominal muscles may lead to the 
rupture of the weakened walls of the organ. In addition, the collapse 
phenomenon seen after apomorphine may be additive enough to the 
condition already present to cause serious coma; consequently, apo- 
morphine must be used judiciously at all times. 

As an expectorant, apomorphine may be prescribed in 1 mg. doses in 
a pleasant tasting elixir or syrup preparation, or it may be given hypo- 
dermically in a similar dosage. 

Of interest is the use of subemetic doses of apomorphine as a sedative 
in emergence delirium, acute alcoholic psychosis, and as a pre-anesthetic 
prior to operations in persons suffering from severe excitement and 
agitation accompanying morphine addiction. As a rule, 1 to 2 mg. 
are given intravenously in sterile normal saline. Effects come on in 
about ten minutes and last two hours. Where asphyxia or oxygen want 
is present, apomorphine is contraindicated (Rovenstine and Hershey). 
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PllEPAIUTlOS'S 

Apomorkhxje Htdroctiloridum, apomorphine hydrochloride (CuIIijOi- 

X 1*1 m m c P n n \ - -» *,* , which 

1 " _ - ’ water 

Caution. — Ajiomorpnme Hydrochloride must be rejected li it at once imparts 
an emerald green color to 100 parts of distilled water when shaken with it in 
a test-tube. 
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Bulbocapnine 

Bulbocapnine is the most important of several alkaloids found in 
Corydalis cam. It is closely allied in constitution to npoinorphine, 
being 3:4 methyJenedioxy-O-mcthyl-apomorpliinc (Ci»IIn0 4 X). 

It was first investigated pharmacologically by Peters in 1904. who 
found that it produced a peculiar cataleptic condition in mammals. The 
limbs became stifT, and accompanying a sustained tonus of the muscles, 
voluntary nnd reflex movements were abolished though there was no 
increased resistance to passive movements. 

Tbc cataleptic symptoms do not occur in cold-blooded animals, instead, 
bulbocapnine produces a morphine-likc action The action in mammals varies 
according to the species nnd the dosage. Catalepsy i« more pronounced in more 
highly developed mammal*, e. a., monkrjs, dog*, and cats The stiffness of the 
limbs is central in origin and has been ascribed to tonic Inbarinthinc rcflexc*. 
In spinal cats, tmMwvHmninn r~"c— im>wiov| tone in the flexor and extensor 
muscles of • . ! \rgcr doses e.au*r narcosis with 

eventually : ■ 1 ■ ■ kaloid increases the action of 

hypnotics, ' ; ' ‘ ‘ ' 

Some of the symptoms suggest also a stimulant action of the para *yn pals, fttc 
nervous system, e. p.. salivation, lacrimntion, micturition, and defecation, but 
in intact nnimal«, bulbocapnine net* like a r/rtpat}.fhe agent, cau 4 ing a dimin- 
ished amplitude of intestinal contractions. . 

Bulbocapnine causes a fall of blood -pressure with vasodilatation Some of 
the oscular reflexes in the rabbit’s ear are al*o!i*bcd, the |>re««rr action of 
epinephrine is diminished but not reversed. Of interrst is the work of 1 daman, 
ft of., who ^reported that butbocapninr produced h\ pergh cemia in norm*! rats 


central effects, but it is not possible to predict which effect will presf emirate. 
Dulboeapninp has lieen u<o] from time to time to central the tremor* in 

f tandvrisngit.ans and postencephalitic conditions. It has a!*ol«*m reeon irmW 
or the relief of ic-tigo in MfnK re’s d;«ea*p and for the r*ipprr>* ; cn of chnra-fom 
movement* Clinical rr-ults foll-mmc leilt«vapnme haxe rot l**en xr*y satis- 
factory, and it rrmains a drug of greater academic tl an of practical intera-t 
A unal do«»* it 0 1 gram orallv once or twico dadv ar.d as much as 0/. r*-'*’ 
ha* bc^n administered without toxic effect. 
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Vm. BROMIDES 

In a few respects the bromides have no further action than the cor- 
responding chlorides, and any effects observed from inorganic bromine 
salts are due to the cation, the bromide ion being indifferent. However, 
the bromide ion also has distinctive effects for it induces changes in the 
central nervous system which are not elicited by the chlorides. It is 
these latter effects which are of pharmacologic and therapeutic interest. 

The Local Action of the bromides on the alimentary tract is the same 
as that of sodium chloride and other salts; i. e., withdrawing fluid from 
mucous membranes. They have a bitter salt taste and induce salivation 
and thirst, and in large quantities, irritation of the stomach with nausea 
and vomiting. Occasionally diarrhea has been observed from concen- 
trated solutions reaching the intestine. 

General Symptoms.— The usual dose of bromides, 1 to 2 grams, pro- 
duces a feeling of calmness, removes the sense of worry, and as rule, 
sleep follows. Prior to sleep, thoughts may be slow’ and somewhat 
confused and memory is indistinct. Ideas are put into words with 
difficulty, and the speech is accordingly slow’ and hesitating. External 
objects and movements are perceived but arouse no interest in the 
patient, and very often this state of apathy then passes into drowsiness 
and sleep. The bromides, however, have not the sleep-compelling power 
of chloral, and the sleep is never as deep or refreshing, the patient some- 
times feeling dull and unfit for exertion after it and some mental con- 
fusion often persisting for several hours after wqking. After larger 
doses, 3 to 4 grams, the reflexes are much depressed so that touching 
the back of the throat does not induce nausea although the sensation of 
touch may persist. The mucous membranes of the genito-urinary tract 
are also less sensitive, or rather their irritation is less liable to set up 
reflex movements. After very large doses of the bromides, the con- 
junctiva may sometimes be touched without causing winking, and 
lessened sensation in the skin has been noted in some cases. The pulse 
and respiration are slower than usual after large doses but scarcely more 
so than in sleep. An increase in the urine is often observed. In addi- 
tion, apathy and lassitude become marked, and mental dullness is 
marked so that orientation and fixation of ideas is not possible of attain- 
ment. 

The most important actions of the bromides on the Central Nervous 
System are general depression, reduction in motor irritability, and sup- 
pression of reflexes. Alfiertoni found that the irritability of the motor 
areas of the dog’s brain was very distinctly reduced by the administra- 
tion of bromides and in particular, that a stimulus which normally 
would have spread over a wide area and given rise to an epileptiform 
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convulsion caused only localized contractions after bromides, while 
convulsive poisons entirely failed to act. Some psychical processes, 
such as those involved in the addition of numbers, are uninfluenced by 
bromides while figures are learned by rote only with great difficulty. 
Therefore, one may consider that the action of bromides is limited to 
certain definite functions. The reflexes are also reduced very con- 
siderably by bromides, and according to many observers, the passage 
of impulses from the sensory to the motor cells of the cord is interrupted 
while the connection between the cerebral centers and the motor cells 
of the cord is maintained intact. In man, the most striking instance 
is the absence of reflex nausea when the back of the throat is touched. 
While reflex movements cannot be elicited, the sensation often remains 
unimpaired, but after large doses, a more or less complete anesthesia 
is said to be produced. This anesthesia extends to the skin when very 
large quantities are administered, and the cutaneous sensation is said 
to be blunted when comparatively small doses are taken. This action 
is purely central because the peripheral sense organs remain unaffected. 
However, effects other than those directly attributable to the central 
nervous system have no practical importance and must be considered as 
indirect, undesirable effects. 

The respiration is slower under bromides, owing to the lessened 
movement but is scarcely more reduced than in normal sleep, and with 
usual doses, the blood-pressure and pulse are scarcely affected. The 
sexual instincts are depressed or entirely suspended, either from the 
action on the brain of from the lessened reflex activity. 

The bromide ion is almost as indifferent to most of the tissues as the 
chloride. For example, muscle and nerre live almost as long in solutions 
of sodium bromide as in those of the chloride of equivalent concentra- 
tion, and the heart may be perfused with saline containing bromide 
instead of chloride for many hours and be only slightly affected. All 
cells except those in the brain seem indifferent to the substitution of 
bromide by chloride. The nerve cells, however, respond to bromides so 
that by means of the electroencephalograph, it is noted that they inhibit 
the development of abnormal wave patterns characteristic of petit mai. 

Flinn, Trowbridge, et <tl., and Jellinckand Holies havecarefully studied 
patients after administering 1 to 2 grams daily for a period of several 
months. No change was noted in the nervous reactions, light adapta- 
tion, electrocardiogram, pulse rate, blood-pressure, blood counts, or 
CCXrcombining power. Large doses, 3 to 5 grams, produced only 
sedative effects upon perception, spatial orientation, and similar psycho- 
logical functions. However, many clinicians arc of the opinion that a 
daily dose of 2 grams over a period of four to six months will eventually 
lead to definite mental deterioration and produce untoward neurological 
changes in the average patient. 

Distribution and Excretion — The bromides are rapidly absorbed by the 
mucous membranes, and a bromide reaction can be obtained from the 
urine a few minutes after they have reached the stomach. Their dis- 
tribution in the body resembles exactly that of the chlorides; thus, they 
arc found in largest amounts in the blood plasma and have little tendency 
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to accumulate in the organs. They occur in all the secretions and fluids 
of the body; they may he found in the form of liydrobromic acid in the 
stomach, and traces are found in the sweat and milk and in the hair, 
where chloride occurs naturally. The brain and spinal cord do not 
contain larger quantities than the other organs and never approach the 
amount contained in the blood plasma; the skin appears to contain a 
larger amount than most other organs. 

The whole behavior of the bromides in the body indicates that most I 
of the tissues are unable to differentiate them from the normal chloride / 
ions and react to a dose of bromide in the same way as to one of common 
salt. Thus the administration of bromide is followed by the excretion of \ 
an equivalent amount of salt, and the kidney does not discriminate 
between the two forms circulating in the blood, but eliminates a mixture 
of chloride and bromide exactly in the same proportion as these occur 
in the blood. If it were possible to follow the course of the individual 
ions in the body after a dose of common salt, it would probably be found 
that although an equivalent amount of salt is soon eliminated in the 
urine, the actual chloride ions taken would only be represented in this 
excretion to a limited extent, the rest being furnished by that pre- 
viously present in the blood and tissues; the remaining new chloride 
would gradually be eliminated in diminishing proportions. This is what 
occurs with bromides; at first the amount excreted bears a high propor- 
tion to that of the chloride, but this falls off rapidly, and some bromide 
appears in the urine for long afterward. Thus, after a single dose of 
2 grams, the urine was found to contain bromide for two months, only 
about 10 per cent being eliminated in the first twenty-four hours. When 
the treatment is continued, the bromide therefore tends to accumulate 
in the body, and the proportion excreted rises with the increase of the 
drug in the blood until an equilibrium is reached, exactly as much bro- 
mide appearing in the urine as is absorbed from the bowel. The excre- 
tion then continues long after the treatment is discontinued. It is 
obvious, therefore, that the bromides possess a cumulative action and 
hence may easily cause toxic effects if administered over a long period 
of time. In the presence of kidney dysfunction, cumulative effects are 
even more apt to occur. 

When the body is thus saturated with bromide, the blood plasma and 
all the fluids may contain as much bromide as chloride; for example, the 
gastric juice may contain even more hydrobromic acid than hydro- 
chloric acid. The bromides are not simply added to the normal salts 
of the blood but supplant the chlorides, which are excreted in quantity 
so that the normal salt concentration of the blood is maintained though 
the chloride is much diminished. During bromide treatment, there- 
fore, and especially in bromism, not only is there an excess of bromide in 
the body but also a deficiency of chlorides, and it has been much dis- 
cussed whether the symptoms of bromism and the sedative effects of 
bromide arise from the action of the bromide directly or are the results 
of the deficiency of chloride. However, two acknowledged facts appear 
to prove that the bromides do possess a definite action on nerve cells 
apart from any action due to a deficiency of chlorides. First, the 
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administration of chloride promotes the excretion of bromide and thus 
lessens the concentration of bromide in the fluids of the body, and 


accompanied by chloride poverty, and on the other hand, any excess of 
chloride reduces the concentration of bromide and thus interferes with 
its action. The same is true of other measures which tend to withdraw 
bromide, such as the use of diuretics. 

Wallace and Brodic found that bromides injected intravenously m dogs at 
once entered the spinal fluid but that the serum always contains a lower con- 
centration of bromine ions than the spinal fluid while the reverse is true of the 
chlorine ion. They suggested that there is a selectivity factor in the passage 
of these ions into, and perhaps from, the spinal fluid. 

Poisoning. —Acute fatal poisoning with bromides has seldom or never 
occurred in man since large amounts usually cause vomiting due to an 
irritant action on the stomach. After enormous doses, prolonged sleep, 
or stupor has been seen, and confusion and apathy may last for several 
days. 

Chronic poisoning, often called bromiam, caused by bromides, has 
materially increased during the past ten years due to the indiscriminate 
use by the laity of certain proprietary medicines. In addition, long 
continued administration of bromides to patients with epilepsy often 
results in chronic bromide intoxication. Physicians sometimes care- 
lessly prescribe bromides, and hence they must always be cognizant of 


reflected in the admission of patients to psychiatric wards. Reports 
from various clinics suggest that from 2 to 10 per cent of all psychotic 
patients suffer from bromide poisoning, and a figure of 20 per cent may 
be more nearly correct if careful histories are taken and blood bromides 
are determined. As a rule, psychoses due to bromides are more common 
in men than in women and are more often seen in the third and fourth 

i i .tv* rtr.-.. - 

■ , ■- all patients suffer from delirium 

visual hallucinations, memory 
defects, vestibular disturbances, marked mental confusion, and more 
rarely raicrographia and micropsia. Alterations in speech are of a 
paraphasic nature, and the visual hallucinations in contrast to those of 
the alcoholic are distant rather than near at hand. In addition, some 
patients exhibit a typical Korsakoff syndrome while others show a toxic 
state with neurological symptoms similar to general paresis. Various 
neurological signs arc usually present in persons suffering from bfomism, 
but they arc inconstant in their appearance. The depression of deep 
as well as superficial reflexes is seen most often, especially of the mucous 
, t r • rr\ . t r. I 
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cardia is not uncommon, and a rise of temperature (1 to 1§° C.) is often 
seen in the dehydrated individual. 

In many patients, digestive disturbances are a common finding. Among 
the common symptoms may be mentioned: gastritis, chronic constipa- 
tion, and anorexia, all of which may lead to emaciation and weakness 
due to an improper food intake. Like the iodides, bromides may stimu- 
late various secretions. Catarrh of the respiratory tract, excessive tear 
formation, and a condition similar to the common cold are often noted. 
The mechanism of action is .probably due to the presence of the bro- 
mides in the various secretions and not to any specific action on the 
gland cells themselves. A typical bromide rash (Fig. 20) is not common 



Fio. 20.— Common form of bromide eruption. (Ormsby and Montgomery's Diseases 
of the Skin, Lea & Febiger.) 


in chronic bromide poisoning, and if more attention was given to a proper 
neurological rather than a dermatological examination, many patients 
would be earlier benefited. If a skin eruption does occur, it is usually 
acneiform in character and is more often seen on those parts of the body 
supplied by the fifth cranial nerve and the cervical plexus. Of recent 
, interest is the report of hyperglycemia arid glycosuria accompanying a 
, severe case of bromide intoxication (Pilkington). 

' There is a marked variation in the susceptibility of individuals to 
bromides. In general, it may be said that patients who suffer from 
arteriosclerosis or mental depression and those who are undernourished 
or use salt sparingly on their food are more apt to show evidences of 
bromide intoxication. In addition, persons in equal good health and on 
a normal diet who are taking daily doses of bromides vary with respect 
to the length of time that is required for the appearance of chronic 
bromide intoxication. Because of these modifying factors, . bromide 
poisoning must finally be diagnosed on the basis of the bromide blood 
level. Simple chemical tests have been devised (Wuth and Hanes and 
Yates) and a routine blood analysis should be made on all persons 
who are suspected of suffering from bromide intoxication and in those 
who are receiving treatment in the form of bromide therapy. While 
there is no definite correlation between blood bromide levels and the 
toxic symptoms of bromide poisoning, one may usually expect 
the occurrence of untoward manifestations when 25 to 30 per cent of the 
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chlorides in the blood are replaced by bromides; i. e., a blood bromide 
of more than 150 mg. per cent Epileptics have a higher tolerance for 
bromides, and levels higher than 200 mg. per cent have been recorded 
in the absence of toxic symptoms. Rubin and Coben found that blood 
bromide levels of 59.6 mg. per cent lowered the alpha rhythm of the 
occipital lobe but that a higher frequency approaching normal was 
maintained at a level of 36.7 mg. per cent. 

The treatment of chronic bromide poisoning consists chiefly in abrupt 
withdrawal of the drug phis the administration of sodium chloride so 
that the bromide may be more quickly eliminated. The salt intake of 
the diet should be increased and, in addition, sodium chloride may be 
administered orally in daily doses of 20 grams or more depending upon 
the tolerance of the indu idual to such therapy. As the patient improves, 
the amount may gradually be reduced. When necessary, sterile phj bio- 
logical saline may be administered intravenously. Even when an ade- 
quate intake of sodium chloride is maintained, recovery is not usually 
complete before about tiventy-onc days of treatment. In addition, a 
fluid intake of about 4,000 cc. per day should be instituted. In the 
early phase of treatment, hydrotherapy and wet packs are often helpful 
aids in many patients. Finally, many cases of bromide intoxication 
are due to self-medication of the drug, and hence after recovery from 
the intoxication, attention must be directed toward the treatment of 
the underlying mental disorder for which the bromide had been used. 

Therapeutic Uses. —In order to be most effective, the bromides must 
be given for several days in order that an effective concentration of 
bromide ion be reached and maintained. Hence single doses of bromides 
(1 to 2 grams) are less useful as scdatiies than chloral hydrate, the bar- 
biturates, or paraldehyde. Bromides are still useful where it is necessary 
to administer them clinically to produce sedation and sleep; i e., sea- 
sickness, vomiting of pregnancy, chorea, anxiety states, hj-pertbyroidism, 
restlessness due to cardiac disorders, and sexual hyperesthesia. In any 
case, it should be emphasized that the bromides are not effective seda- 
tives in the presence of pain. 

Bromides were the first effective drugs to be used in the treatment of 
epilepsy and even though phenobarbetal, ddantin, and tridione have 
been introduced for this purpose, the bromide salts are still used ex- 
tensively. 

The treatment of epilepsy requires skill and judgment on the part of 
the physician. The patient, not just the patient's symptoms, must be 
treated, and measures which prevent the whole seizure and not just a 
part of an epileptic attack must be instituted. In each new' patient, 
the important problem is to ascertain if the drug used really benefits 
the patient. If it does not help the patient, then the physician must 
have the good sense to stop it and try another. It is not possible to 
predict the time when seizures m ay occur, and hence drugs must be ghen 
daily in order that an effective concentration of the drug in the body is 
always maintained. 

It is quite easy to maintain a constant bromide blood level since this 
drug is slowly excreted. As a rule, the effective level of bromide in the 
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blood for most epileptics is 100 mg. per cent, but some patients have 
their symptoms ameliorated when a level of only 75 mg. per cent is 
maintained while others require as much as a level of 200 mg. per cent. 
In any event, the physician should administer the minimal amount of 
bromide which will optimally control the epileptic attacks, and repeated 
blood levels serve as a guide to insure adequate dosage and to prevent 
bromide intoxication. In addition, the patient should be placed' on a 
rather stable salt intake to prevent undue fluctuations in the blood 
bromide level. 1 

The bromides do not cure epilepsy, but they do reduce the number and 
intensity of attacks, and complete remissions of more than a year are 
often seen in over 50 per cent of patients who have been properly treated 
for the grand mal variety of epilepsy. The bromides are not as effective 
against the petit mal as the grand mal type of attack. In addition, 
psychic equivalent attacks or seizures due to a focal infection or to head 
injuries are not very responsive to the administration of bromides. 
One of the disadvantages of the bromides in epilepsy is that some seda- 
tion occurs before optimal effects may be obtained— hence, it is all the 
more important that the physician administer the minimal effective 
dose if the patient expects to carry on his daily work. 

The usual daily dose of a bromide which will insure an adequate blood 
t level varies between 1.5 to 3.5 grams. Sodium bromide in a pleasant 
tasting syrup is preferred, and experience has shown that the total daily 
dose is best administered in three equal parts after meals. Triple 
bromides offer no advantage over the single salt of bromide and have the 
disadvantage of being more expensive. 

The bromides are contraindicated in arteriosclerosis, kidney disease, 
cachexia, dehydration, and in old people since poisoning is more apt to 
occur in these conditions due to a lessened excretory power of the kidney. 
In addition, bromides should be used cautiously in any mental disturb- 
ance until a definite diagnosis has been made. Such a procedure often 
prevents the development of bromism because once a patient commences 
using a bromide, he often indiscriminately practices harmful self- 
medication. Finally, bromides, like iodides, are contraindicated in 
tuberculosis since they may “light up” a dormant lesion. 

The bromides are not so effective in other affections of the central 
•nervous system although some success has attended their use in chorea, 
in the convulsions of children, and in sdme forms of hysteria. They 
have also been tried in tetanus and in strychnine poisoning but are 
inferior to other remedies, such as chloral and the derivatives of bar- 
bituric acid. Neuralgia is sometimes improved by bromide treatment, 
especially when it arises from worry, anxiety, or overwork. ^ In sleep- 
lessness from anxiety, they are often valuable, however, and it is found 
that the dose of chloral may be considerably lessened if it is prescribed 
along with bromides. Of recent interest is the use of strontium bromide 
intravenously (1 gram in 10 cc. of saline) for the relief of bronchia! 
asthma (King). 

Brometone.— Tribromtertiarybutylalcohol J -CBr a C(OH) (CH S ) CHj— 

l,l,l-tribrom-2-methyl-propan-2-ol (N. N.R.). The action of this 
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substance is similar to that of the bromides, but it is less apt to cause 
bromism. Its action is prompt and- lasts for several hours. Ordinary 
doses of 0.3 gram in capsules cause no unpleasant side reactions. Larger 
doses cause anorexia, vertigo, and mental confusion. It lias been used in 
insomnia, cough, epilepsy, and labyrinthine disturbances. 

Bromural.— (CH J .CH(CII J )CHBr.CO)HN.CO.NH I -2 roonobromiso- 
valerylurca (N.N.R.). Bromural is a mild sedative producing sleep 
lasting three to five hours. It is useful in functional nervous disease 
but is of no value if pain or discomfort is responsible for the insomnia. 
The usual dose is 0.3 gram three tiroes daily orally as tablets, or 0.6 
gram as a hypnotic at bedtime. 

Carbromalum, N. F. and B. P., brom-diethylacetyl urea, (CjHs^CBr.- 
CO.NH.CONH:, is a moderately powerful hypnotic, relatively free from 
after-effects and used mostly in insomnia due to worry, overwork, or 
excitement. It is known by the trade names of Adalin and Uradal, 


Preparations 

Carbromalum, carbromal (uradal) (CBr(CJI»)i.CONHCO.NH»), (B. P.), 
a white crystalline powder with little odor or taste It is soluble in 3,000 parts 
of water and 18 parts of alcohol Dose, 0 3 to 1 gram. 

Potassu Bromipum, potassium bromide (KBr), (U S P., B. P.), occurs as 
colorless, transparent crystals or as a white granular powder and has a salrae 
taste. It is soluble in about 2 parts of water and in about 200 parts of alcohol 
Dose, 1 gram (U. S P ), 0 3 to 2 grams (B P ) 

Sodii B ROM! BUM, sodium bromide (NaBr), (U S P , B. P.), occurs as white, 
odorless, cubical crystals or as a white granular powder with a saline taste. It 
is soluble in about 1 2 parts of water and 16 parts of alcohol. Dose, 1 gram 
(U. S P.), 0.3 to 2 grams (B P.). 

Tabelle Carbromali, tablets of carbromal (B P ) Dose, 0 3 to 1 gram . 

Ta belle Potassh Bromjdi, tablets of potassium bromide (B. P.) Dose 
0 3 to 2 grama 
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IX. ANTICONVULSANTS 
Dipbenylhydantoin Sodium 

Although the bromides and phenobarbital have been effective in the 
treatment of certain forms of epilepsy, they are incapable of anticon- 
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vulsant action without causing an undesirable sedative and hyp- 
notic effect. Diphenylhydantoin sodium was introduced by Merritt and 
Putnam in 193S for the treatment of convulsive disorders after experi- 
mental results and clinical experience had shown that it was a superior 
anticonvulsant when compared with the bromides, was equal or more 
effective than phenobarbital in this respect, and did not possess the 
hypnotic action of either.. This compound is sometimes referred to as 
phenytoin sodium, and it is marketed under the trade name of Dilantin 
Sodium. 

Chemically, diphenylhydantoin sodium is related to phenobarbital 
and to nirvanol, a non-official preparation sometimes used to treat 
chorea in children (p. 377). 



Phenylethylbarbituric acid Diphenylhydantoin sodium 


CeH. 

Sc-NH 

olL? c ~° 

H 

Phenylethylbydantoin (nirvanol) 


It may be said that diphenylhydantoin sodium possesses the useful 
anticonvulsant activity of phenobarbital and many of the untoward 
effects of nirvanol. 

The Actions of diphenylhydantoin sodium other than its therapeutic 
effect have largely been described in animals. When administered intra- 
venously, it was found to be quite toxic to dogs, rabbits, and rats. There 
was usually a marked fall in blood-pressure, respiration was decreased in 
amplitude and frequency, and the vagus nerve was temporarily de- 
pressed. When death occurred, the cause was due to respiratory par- 
alysis or convulsive asphyxia. Among other symptoms noted were 
nystagmus, mydriasis, salivation, hyperpyrexia, muscle tremors, and 
vomiting (Haury and Drake and Gruber, ct ah). When animals are 
given very large doses orally over a long period of time, however, few 
if any symptoms appear, and no changes in behavior are noted. Experi- 
mentally, diphenylhydantoin sodium prevents anoxic convulsions and 
improves the altitude tolerance of mice, either administered alone or in 
combination with neostigmine (Emerson and Hoff and Yahn). 

No exact statement can be made regarding the mechanism, whereby 
diphenylhydantoin sodium prevents epileptic seizures in man or experi- 
mentally induced convulsions in animals. It appears that the motor 
cortex is specifically affected since depression of other central functions 



ANTICONVULSANTS 


375 


is rarely seen. However, many epileptics show a distinct improvement 
in general behavior, are more alert, can concentrate better, and show an 
increased ability for work after proper therapy with diphenylhydantoin 
sodium. These facts plus results suggesting that psychic equivalent 
attacks are benefited 'suggest that certain other areas of the Central 
Nervous System are affected by diphenylhydantoin sodium (Robinson). 
Finally, diphenylhydantoin sodium diminishes the convulsions induced 
by metrazol in man, but single doses do not inhibit s 

in experimental animals (Goodman 

The question »**'•’ 

attacks of epilej uie dis- 
ease is not yet se «••***«$' indicates that improve- 

ment in rhythm c - t «.eessarily parallel clinical improvement As a 
matter of fact, patients who are symptom-free may exhibit a dysrhyth- 
mia as shown by electrical records as severe as before treatment. How- 
ever, clinical improvement as well as a return to normal rhythm is often 
seen in persons with psychomotor seizures. 

The Fate of diphenylhydantoin sodium in the body is unknown 
although most of it appears to be destroyed or altered since only a very 
small percentage (less than 0.2 per cent) is" excreted in the urine. 

The Therapeutic Use of diphenylhydantoin sodium is chiefly confined 
to the treatment of epilepsy. It is definitely more effective in the grand 
mat than in the petit raal type of epilepsy and has given better results 
than phenobarbital or the bromides in the treatment of psychic equiva- 
lent attacks. In addition, it is often of value after other drugs, and other 
methods including a ketogenic diet regime have failed to alleviate the 
symptoms of epilepsy. As with the bromides, diphenylhydantoin 
sodium does not immediately affect a change in the epileptic patient. 
Several days must elapse until a constant concentration in the body is 
reached before improvement will be noted. 

Early reports indicate that diphenylhydantoin sodium would give 
about CO per cent complete relief in grand mal and about half as good 
results in the petit mal type of epilepsy (Merritt and Putnam). More 
recent studies by Robinson and Weinberg and Goldstein report marked 
reduction or complete cessation of seizures in 39 to 40 per cent of their 
grand mal patients. However, these authors found some improvement 
in all but 10 to 20 per cent of the case3 treated. Remissions from attacks 
after diphenylhydantoin sodium usually average about four months 
although some patients have been reported sei 2 ure-free for as long as 
twenty-six mouths. However, remissions ate not uncommonly inter- 
spersed with recurrences of seizures lasting from one to three months. 
Compared with phenobarbital, diphenylhydantoin sodium is superior 
not only in the control of grand ma! and psychomotor seizures but in 
bringing about a greater number of remissions for a longer period of 
time. There is increasing evidence that the combination of pheno- 
barbital in daily doses of 90 mg. with diphenylhydantoin sodium offers 
the best form of therapy in most all types of epilepsy. On occasion, 
it becomes necessary to alter the drug therapy in the treatment of 
epilepsy because of side reactions or because effective results are not 
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obtained. Transition from phenobarbitai or the bromides to diphenylhy- 
dantoin sodium must always be made gradually and preferably with 
some overlapping of dosage. This procedure minimizes the danger of 
withdrawal symptoms due to phenobarbitai or bromide (increased 
number of seizures) and lessens the incidence of side reactions attendant 
with the start of diphenylhydantoin sodium administration. Diphenyl* 
hydantoin sodium has been found by some clinical investigators to be 
unsatisfactory, and Peterman has returned to the use of phenobarbitai. 
In all probability, a combination of the two as already mentioned would 
prove satisfactory. 

The dosage of diphenylhydantoin sodium must be determined by the 
daily observation of its effects if optimum results arc to be expected. 
Such observations include the effect upon reduction of seizures and the 
appearance of toxic side reactions. The beginning dose for adults is 
0.1 gram three times a day, and as much as twice this amount may be 
given if necessary. Doses greater than a total of 0.C gram per day 
should never be used. For children of six years or over, the starting 
adult dose may be administered, but a safe upper limit is an increase to a 
daily dose of 0.4 gram. Children under four years of age should be 
given a starting dose of 30 mg. which may be increased to a daily dose of 
GO mg. in two divided doses. Diphenylhydantoin sodium is strongly 
alkaline (pH of 11+) and hence is administered to adults and older 
children in the form of capsules along with at least one-half glass of 
water; for younger children, it is best to mix the powder with cream to 
avoid gastric irritation. 

The chief disadvantage of diphenylhydantoin sodium is its tendency 
to cause toxic side reactions in spite of careful observation and skillful 
handling of dosage. Clinical reports suggest that most all patients 
taking the drug will exhibit one or more toxic manifestations during 
their course of treatment. Toxic elTects involving the Central Nervous 
System are most alarming and may be manifested by ataxia, nystagmus, 
tremor, irritability, dizziness, staggering, or encephalopathy. In addi- 
tion, psychosis, paresthesia, and the much dreaded status epilepticus 
have been reported. Some patients complain of precordial distress and 
electrocardiographic studies have revealed a prolongation of the PR 
interval and a decrease in the T wave (Finkelman and ArielT). Of the 
symptoms referable to the gasiro-inteslinal system, nausea, vomiting, 
weight loss, and gingival hyperplasia are most commonly noted. The 
blood may show an increase in basophils and/or eosinophils or a mild 
leucopenia may be present. Of especial interest is the increase in serum 
phosphatase. The toxic reactions referable to the skin have been vari- 
ously described as a morbilliform rash accompanied by sore throat and 
eosinophilia, or as a purpuric or exfoliative dermatitis. ^ 

While many patients suffer from one or more toxic reactions, most 
untoward manifestations are more alarming than serious. One fatality 
associated with the use of diphenylhydantoin sodium has been reported 
(Dickerson). *As a rule, most of the symptoms appear during the first 
three weeks of administration of the drug. If the dosage is reduced or 
discontinued temporarily, many patients may resume the use of it with- 
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out further toxic manifestations, the one exception being exfoliative 
dermatitis. Of special interest is hyperplasia of the gums which was 
thought to be due to an alteration in the ascorbic acid content of the 
body* While thd relationship between vitamin C and the gingival 
changes associated with diphenylhydantoin sodium therapy is not dear, 
large doses of ascorbic acid will not prevent the appearauce of hyper- 
plasia (Robinson). In spite of the high incidence of siH« — *' ■», 
diphenylhydantoin sodium is the most dTf*'** ; *~- ' ■' 
able for the treatment of ■ 

Shulman has suggests , „ „jr the 

treatment of bronchial at ... that a daily dose 

of 0.1 to 0.2 gram was eft .-<ui> out of 7 cases in which he used this 
drug. Of importance was his finding that personality was improved and 
irritability lessened. In this connection, Ross and Jackson showed that 
psychometric studies revealed an improvement in conduct of 50 per 
cent of 73 epileptic patients under treatment with diphenylhydantoin 
sodium. Finally, diphenylhydantoin sodium was reported useful in 
controlling convulsive seizures of unknown origin associated with preg- 
nancy (Bergman). It is suggested that it might be given a trial in 
convulsions due to eclampsia. 

ftjrvanol has had some use against chorea in children . It is chemically 
related to diphenylhydantoin sodium (p. 374), but its effects are not 
specific for the treatment of chorea and the liability of marked toxic 
manifestations make its use impractical. The suggested dose is 0.3 
gram daily in divided amounts. Nirvanoi is not an official drug nor is 
it included in the N. N. R. 

1. Tridione 

Dilantin sodium is the most effective drug therapy against grand mal 
epilepsy, but neither it, phenobarbital, nor the bromides have been used 
very successfully to prevent petit rnal attacks. Consequently, a search 
has been made for a chemical which would effectively control not only 
petit mal seizurea but those of an akinetic variety as well. 


O 



Tridione is the trade-name for 3,5,5-trimcthyloxazolidme-2,4-dione. 
It was first described in 1938 as having hypnotic powers (Erlenmeyer). 


Luton, el at. examined the anUcxmvutsant properties of this drug against 
electrically induced convulsions in mice and on convulsions produced by raetra- 
zol, picro toxin, strychnine, cocaine, etc. These results may be briefly summarized 
as follows. Tridione in doses of 500 jm? /Kg had little or no effect on normal 
mice. Compared with dilantm sodium and phenobarbital, Tridione (m the 
dose mentioned) was not statistically more effective against raising the threshold 
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for the production of convulsions by electrical stimulation. Phenobarbital 
caused some depression and ataxia, while no change in general activity was 
noted with dilantin sodium. Tridionc, on the other hand, possessed the unusual 
property of being analgesic as well as anticonvulsant. However, Tridionc was 
very effective against the convulsions produced by metrazol, strychnine, and 
picrotoxin. Phenobarbital was almost as effective against metrazol and strych- 
nine convulsions, 1 * v ’- '* • ’ ’ 

effect against cor 

against convulsioi ’ • 


The Therapeutic Use of Tridionc was first reported by Lennox. He 
points out that Tridione is the most effective agent at the present time 
against petit mal, myoclonic and akinetic epilepsy and that dilantin 
sodium, phenobarbital, and bromides in order are the choice of treat- 
ment for grand mal, focal convulsions, Jacksonian and psychomotor 
equivalent seizures. Lennox administered Tridione to 50 patients 
suffering from petit mal” and myoclonic and akinetic epilepsy. The 
usual dose of the drug was 1 to 2 grams daily, administered orally in the 
form of capsules, each containing 0.32 gram. He states that not much 
attention was paid to age in so far as dosage was concerned. These 
patients received Tridione over a period of fifteen months. In a few' days 
or weeks, the minor seizures had ceased in 28 per cent, were reduced to 
less than one-fourth of the number in 52 per cent, and were little affected 
in 20 per cent. In several patients, once the seizures were stopped with 
Tridione, they did not return. In 10 of the 50 patients treated, grand 
mal was of greater significance than the petit mal attacks. Tridione 
was ineffective in these patients and actually made them worse. 

The Toxic Side Reactions consist chiefly in skin rashes and an unusual 
sensitivity to bright light seen chiefly in adolescent children and adults. 
It was necessary to discontinue the drug in some patients because of 
skin rashes, but continued administration did not increase the photo- 
phobia, and it usually disappeared a week after medication was stopped. 
Of a more serious nature is the occasional occurrence of agranulocyto- 
sis and of aplastic anemia following the administration of the drug. 

Tridione represents a distinct advance in the treatment of convulsive 
states characterized by the alternate spike and wave pattern of the 
electro-encephalogram. Further clinical use only will decide its proper 
place in psychiatric therapeutics, but it appears to hold great promise 
for the future. 

Preparations 

DiPHENYLHYDANTOiNim Sodicum, diphenylhydantoin sodium (CisHnNjOjNa) 
(U. S. P.), occurs as a white odorless powder. It is freely soluble in water and 
soluble in alcohol. Dose, 0.1 gram. 
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B STIMULANTS OF THE CENTRAL NERVOUS SYSTEM 
I. STRYCHNINE 

Strychnine is the chief alkaloid occurring in several species of Strych- 
nos, of which the best known are Slrychnos mix vomica and Strychnos 
ignalia. Strychnine is found chiefly in the seeds of these plants, accom- 
panied usually by Brucine, another alkaloid, which differs from strych-. 
nine in having two methoxyl groups but which is much less active and 
hence of little interest pharmacologically. 



Probable Formula of Strychnine (Prelog and Srpilfogel) 

The alkaloids of the strychnine group have a powerful stimulant 
action on the central nervous system, especially on the spinal cord, 
throughout the vertebrate kingdom. 

Symptoms.— In ordinary therapeutic doses strychnine, like other 
bitter substances (page 218), improves the appetite and often leads to 
a distinct amelioration of the subjective symptoms, the patient feeling 
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stronger and more hopeful The special senses are rendered more 
acute by small quantities of strychnine, for differences can be recog- 
nized between shades of color which seem identical to the normal 
vision; the field of vision is widened, and in certain conditions of 
amblyopia light is rendered much more distinct. In the same way 
the hearing seems to be more acute, and the sense of touch is more 
delicate. Some cases have been noted in which disagreeable odors 
were rendered pleasant by strychnine, but this would stem to be a 
rare idiosyncrasy. In larger doses strychnine increases the reflex move- 
ments, and the sense of touch is rendered distinctly more acute. 

In cases of poisoning with strychnine, these effects are present but 
are not generally observed by the patient, whose first complaint is of a 
feeling of stiffness in the muscles of the neck and face. Tin’s is soon 
followed by an increased reflex reaction, so that a slight touch causes a 
violent movement, and even a sound or a current of air is sufficient to 
cause a sudden start. The increased reflex irritability is generally accom- 
panied by some restlessness, and animals sometimes seem to make 



attempts to escape from bright light. Some tremor or involuntary 
twitches may be observed in the limbs, and then a sudden convulsion 
occurs in which all the muscles of the body are involved, but in which 
the stronger extensor muscles generally prevail. In animals the head 
is drawn back, the hind limbs extended, and the trunk forms an arch 
with its concavity backward (opisthotonos) (Fig. 27). In man the same 
convulsions are seen and are accompanied by strong contraction of the 
face muscles, producing a hideous grin which has been called the runs 
sardotiicus. The respiratory muscles are involved in the general parox- 
ysm and the blood rapidly becomes deoxygenated, as is shown by the 
blue, cyanotic color of the lips and face in man. The muscles feci hard 
and firm at the commencement of the convulsion, but very soon a 
tremor may be made out, which becomes more distinct, and after a 
few intermittent contractions the animal sinks back in a condition of 
prostration. The respiration generally returns, and becomes fairly 
regular for a short time. Immediately after a convulsion thS reflex 
irritability may be low, but it soon regains its former exaggerated con- 
dition and a second convulsion occurs, exactly resembling the first. 
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Mammals, sis a general rule, succumb after two or three convulsions, 
the respiration failing to return after the spasm. In some cases, however, 
the convulsions become shorter and the intervals of quiescence longer, 
the respiration becomes weak, the reflex irritability gradually lessens 
and the animal dies from asphyxia. In frogs, where the breathing can 
be dispensed with for long periods, the alternation of convulsions and 
periods of quiescence may continue for hours or days, but these are 
of the same general character as those described in mammals. After 
very large quantities no convulsions may occur, the animal dying 
almost immediately of asphyxia from paralysis of the central nervous 
system. 

Action.— -The whole character of the intoxication points to an affec- 
tion of the Central Nervous System, and it has been found that the 
symptoms arc unaltered when the drug is prevented from reaching the 
peripheral nerves and muscles. The chief symptoms arise from the 
spinal cord, for the convulsions are at least as well marked in frogs 
and mammals in which the brain has been destroyed or severed below 
the medulla oblongata. Tbe intellect in man remains unclouded until 
the end, except for the asphyxia produced by the stoppage of the 
respiration, the patient is perfectly conscious of his condition, and 
suffers excruciating pain from the violent contractions of the muscles. 

The special senses are rendered more acute by small doses of strych- 
nine, and this is apparently due to its effects on the central nervous 
system in the case of touch, taste and smell, but there is reason to 
believe that the increase in the field of vision and tbe increased sensi- 
tiveness to slight differences in light are to be attributed to its acting 
on the cells of the retina and not to cerebral changes. For when strych- 
nine salts are injected in the temple or applied to the conjunctiva, the 
sight of the corresponding eye is improved while the other remains 
unaffected (Filelme); if the strychnine acted centrally it could do so 
only by being carried to the brain by the blood, but this would affect 
each hemisphere equally. The affection of one eye only is explained 
by the strychnine diffusing through the lymph spaces, and this is said 
to have occurred in the case of various dyes which were applied in the 
same way and were then found in the retina. 

Ergographic experiments have shown that small doses of strychnine 


under strychnine than in unpoisoned animals, but this does not neces- 
sarily indicate that the cells of these areas are acted on directly, for tbe 
same apparently increased irritability of the cortical areas is seen when 
the poison acts on the cord only, and it may therefore be the result of 
the spinal action. 

The convulsions are, as has been stated, of spinal origin, in this term 
beine included also those parts of the brain which correspond to the 
cord in performing simple reflex movements. It has been shown that 
in the frog they ore reflex, that, provided no stimulus readies tbe cord 
from without, no convulsion occurs. As has been already remarked, 
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the convulsions are preceded by a stage of increased reflexes, and in 
fact the first convulsion is often seen to follow a stimulus, such as a 
blow or a loud noise. ■ Afterwards they may seem to occur without any 
such impulse, but this is merely because a very slight or even impercep- 
tible stimulus is enough to induce them. For example, a slight contrac- 
tion of a muscle may induce a convulsion, as is seen very frequently 
in the frog, where a very slight stimulus, in itself apparently too weak 
to cause a convulsion, is followed by an ordinary reflex contraction, 
and this leads to a spasm. The absence of convulsions when external 
stimuli are cut off may, however, be demonstrated conclusively in various 
ways. Thus Poulsson found that a frog dipped in cocaine solution 
undergoes no convulsions after strychnine, the cocaine used being 
sufficient to paralyze the sensory terminations, but not to have any 
direct effect on the cord. Claude Bernard showed this even more 
conclusively by dividing all the posterior roots of the spinal nerves in 
the frog and then injecting strychnine, when no convulsions occurred 
except when the ends of the cut roots were stimulated. In mammals, 
however, it appears that even when all external impulses are excluded 
by section and degeneration of the posterior roots, convulsions still 
occur from strychnine; here apparently the excitability of the neurons 
in the cord is so extreme that they originate spasms without any impulse 
from without, while in the frog the advent of an external stimulus is 
necessary. But even in the mammal the spasms generally occur from 
some touch or sound or other disturbing factor. 

The characteristic feature of strychnine poisoning is thus the changed 
response to external stimuli. In the unpoisoned animal the simple reflex 
movement following a stimulus is coordinated and purposive; for 
example, if the leg of a decapitated frog be dipped in acid it makes 
certain movements to withdraw the limb, and no matter how often the 
irritation be repeated, the same movements are produced, though 'it is 
true that if stronger acid be used the movement is more violent and a 
greater number of muscles are involved. In this movement certain 
muscles contract while their antagonists are inhibited; thus in drawing 
the toe away from an irritant the anterior muscles of the leg contract, 
while the gastrocnemius is relaxed. Under strychnine this simple reflex 
is stronger and is elicited by weaker irritation, and this change persists 
during poisoning if the external stimulus is weak and acts slowly. When 
a stronger or more sudden shock is applied to a poisoned animal, the 
response is quite different; all the muscles contract together, there being 
no inhibition of antagonists, and the resultant movement is thus of quite 
a different character; the gastrocnemius being stronger than the anterior 
leg muscles, the foot is extended and thrust against the irritant instead 
of being withdrawn from it. And not only the muscles concerned in the 
simple reflex, but those of the whole body are involved in the movement. 
This tetanic contraction of all the muscles may arise from an external 
stimulus which is no stronger than is required to induce a simple reflex 
in the unpoisoned animal. The response is the same whether the stimu- 
lus is derived from the periphery and the consequent movement is a 
reflex one, or from the brain. In both cases the change in the "character 
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of the movement arises from changes in the spinal cord, the impulse 
from the brain or periphery bearing its normal character, but changing 
its nature in passing through the cord. 

It is often stated that this convulsive movement is a changed normal 
reflex, that under strychnine the spinal cord has lost its power of co- 
ordinating movement and can only respond to afferent impulses by 
efferent motor impulses to all the muscles. This is erroneous, however, 
for each form of response may bo elicited alternately in poisoning, a 
weak stimulus is followed by a strong but coordinated purposive simple 
reflex, while a stronger one throws the body into general tetanus. This 
is not a development of the simple reflex, but is a totally different 
movement which is akin to the violent movement which occurs in 
normal persons and animals when a sudden unexpected touch or sound 
arouses them; here also the whole of the muscles contract together, 
and the resulting movement is determined by their relative strength; 
in man the powerful extensors of the trunk produce a violent straight- 
ening and the subject is said to “jump out of Ids chair." Strychnine 
l owers the threshold of. the stimulus o f this response, so tha t it is elicite d 
b yordmaiy- toj Kh'or^^ and b ecomes t he response character- 

istic of the poisoning. 

When an external stimulus is sufficient to cause this convulsive move- 
ment in a poisoned animal, the contraction is always maximal, a stronger 
stimulus produces no greater effect. 

As regards the locus of action of strychnine in the cord, the experi- 
ments of Dusser de Barenne indicate that the drug acts on the cells of 
both the sensory, and motor regions. It is this action on both areas 
which leads to the characteristic response, rather than an action on the 
sensor>’ elements alone or on the synapses of the neurons intercalated 
between the posterior root (sensory) and the cells of the anterior horn 
(motor) as was formerly believed. 

An impulse travelling up a nerve in an unpoisoned frog reaches the 
cord and may there pass through a number of paths and in each is 
subjected to various influences, so that it arouses different motor cells 
to different degrees of activity, or actually inhibits the activity of some 
of them; in tins way a coordinated movement follows. Under strych- 
nine these influences, which may be figured as varying resistances in 
the different paths, disappear, and the impulse passes untrammeled 
along all available paths and reaches the motor cells in much greater 
force than normally and thus arouses a more powerful _ reaction ^om 
them and a correspondingly strong muscular contraction. But the 
resistance in the different paths is essential to coordinate the move- 
ment and the increased muscular- contraction is thus no longer coor- 
dinated, all the muscles contracting together and the character of the 
movement being determined by their relative strength- 'Hie action 
of strychnine may thus be explained by supposing that it removes 
resistances to the passages of impulses through the spinal cord and thus 
extends the area on which an impulse acts, and also liberates it from 
the normal coordinating influences. 

It must be remarked that while the resistance is much reduced, it 
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is not entirely removed, and the ordinary path is still somewhat more 
easily traversed than the others, for weak irritation causes an ordinary 
reflex response ’in the frog, while a slightly stronger stimulus throws it 
into opisthotonos. In this condition a whole series of discharges occurs 
of longer duration than the simple reflex, and this without any further 
impulses reaching the cord cither from without or from the muscles and 
joints involved in the movement; for when, all movement is excluded 
by curare, the electrical changes can he observed in the cord correspond- 
ing to the muscular spasms in the convulsions. 




K 





Fza. 28. — Tracings of the blood-pressuro (upper) and intestinal volume (lower) from a 
curarized cat, showing tho effect of the intravenous injection of a dose of strychnine suffi- 
cient to cause spasms in an uncuraritcd animal. The blood-pressure rises, white the 
mesenteric vessels are contracted from spasm of the vasomotor center (Bayliss). 

r~ 

Sherrington found that a stimulus which normally produces reflex 
contraction of a muscle with inhibition of the opposing muscle may. in 
an animal under strychnine, produce a contraction of both muscles; 
that strychnine apparently changes an inhibitory into a motor response 
(“strychnine reversal”). He later suggested, as another possible expla- 
nation of the phenomenon, that the apparent reversal might really be 
due to the exaggeration of a masked motor component in the inhibitory 
response. The correctness of the latter assumption was shown by 
Bremer, who found that strychnine only amplifies the motor element, 
more or less apparent, in the inhibitory component of a reflex response. 
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Creed and Hertz have shown that the relaxation of a diaphragm slip, 
evoked by inflation of the lungs, is never replaced by contraction as a 
result of administering strychnine, and they support Bremer’s conclu- 
sion that the action of strychnine is not to convert central inhibition 
into central excitation but to facilitate the passage of excitatory processes 
through reflex arcs. 

Besides the spinal cord, all other regions in which simple reflexes can 
be produced, are affected by strychnine. Thus the medullary centers 
are thrown into the same condition, and their responses to stimuli arc 
equally exaggerated; but they are in constant receipt of impulses, and 
strychnine, by increasing the efficiency of these, augments the tone of 
the medulla oblongata when it is given in small quantities. 

Artificial respiration has been shown to delay the onset of convul- 
sions in animats, but it is still an open question whether this is due to 
the better aeration of the blood (Ostenvaid) or to the effects of the 
mechanical movements (Gies and Meltzer) 

The stimulation of the spinal cord by strychnine is followed by 
depression and paralysis. Even during the first stage the stimulation 
is mixed with depression, for though a more violent response is induced 
by a sensory stimulus, this cannot be repeated so often as in the normal 
frog, as the cord becomes fatigued more readily. The sensory part of 
the spinal cord seems to be paralyzed somewhat earlier than the motor 
cells, but these also lose their irritability after a time and no further 
movement can he elicited cither by reflex or by direct stimulation of 
the cord. 

•• _ Strychnine seems to have no direct action on the voluntary Muscles ; 
it is stated that minute quantities increase their tone, that is, render 
them more tense, so that they are prepared for immediate contraction, 
but this is due to action on the cord and not on the muscle fibers. 

The Terminations of the Motor Nerves are paralyzed by large doses 
of strychnine in the same way ns by curare. This effect Is scarcely seen 
in mammals, as central paralysis always precedes it and destroys life, 
but in some species of frogs the nerve ends are paralyzed before the 
central nervous system. This paralysis is not due to the exhaustion 
of the nerve ends through the tetanus, but is a direct action on the 
terminations, although the exhaustion may contribute to the result. 

The Respiration is quickened by small quantities of strychnine, espe- 
cially when the center is depressed by the previous administration of 
a narcotic. However, to be really effective as a respiratory stimulant 
so ns to increase the respiratory \olumc, the dose of strychnine must 
'approach very close to the convulsive dose From the use of adequate 
doses of strychnine the change in respiratory volume is mainly due to 
the great increase in the depth of the respiratory movements and not 
so much to n change in rate. During strychnine convul-ions the breath- 
ing is arrested by the violent contractions of the diaphragm and the 
other respiratory muscles, but during the intermissions it continues 
fairly regular. After one or two spasms it often fails to be reinstated, 
and the animal dies of asphyxia, in other experiments it undergoes a 
25 



386 SUBSTANCES ACTING AFTER ABSORPTION 

gradual diminution in rate and strength, and eventually ceases from 
gradual paralysis of the center. 

The Heart is not directly affected by strychnine in mammals, though 
it is sometimes slightly slowed by stimulation of the inhibitory center. 
During and after a convulsion it may be accelerated, as in violent 
exertion from any cause. Very large quantities slow and weaken the 
frog’s heart. 

The Vasomotor Centers in the medulla oblongata and the cord are 
often stimulated by small quantities, so that the splanchnic vessels are 
constricted, while the cutaneous and perhaps the muscular vessels tend 
to dilate from stimulation of the vasodilator center. The blood is thus 
deflected to some extent from the abdominal organs to the skin and 
limbs, as well as to the heart, lungs, and brain which have little or no 
vaso-constrictor supply. Stimulation of the depressor nerve causes a 
rise of blood-pressure after strychnine, due to the presence of pressor 
elements in the nerve stimulated. Langley showed that reflex vasomotor 
effects in the spinal animal are markedly exaggerated by strychnine. 

During the convulsions the blood-pressure is raised to an extreme 
height, partly owing to the activity of the vasomotor center and perhaps 
partly from the blood being pressed out of the abdominal organs and 
the muscles by the violent contractions. Immediately after a convul- 
sion the blood-pressure falls, probably from the exhaustion of the center. 

Strychnine stimulates the output from the adrenal glands and may 
thus indirectly produce sympathomimetic effects on the circulation and 
on other organs. 

In the Alimentary Tract, strychnine has the same action as any other 
bitter substance, and it produces a flow of saliva and increased appetite 
if taken before meals. (See Stomachic Bitters, page 218.) It seems to 
be absorbed from the intestine mainly. After absorption it was thought 
to increase the movements of the bowel from some action on the muscle 
or on the ganglionic plexus in the bowel wall, but careful studies carried 
out on the human patient, by means of a balloon placed in the lumen 
of the intestine and peristalsis thus recorded, have shown that any 
change which is produced by the small doses usually employed is incon- 
sequential and could readily be obtained by other less dangerous drugs. 

Metabolism.— Strychnine produces an enormous activity of the mus- 
cles, and, therefore, increases very greatly the consumption of oxygen 
and the output of carbonic acid. This is accompanied by an increased 
formation of heat, which would lead to a rise in the temperature of the 
body were it not counteracted by an equal or even greater increase 
in its dissipation through the skin. As a result the temperature is 
generally lowered in rabbits, while it sometimes rises slightly in dogs 
and cats. The skin temperature, on the other hand, rises considerably 
because more blood flows through it than usual. 

Glycosuria occurs in frogs and in young mammals, and the glycogen 
of the liver and muscles disappears in most animals under strychnine. 
The glycosuria is probably secondary to the liberation of epinephrine 
from the adrenal medulla, the depletion of the glycogen from the liver 
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these conditions. However, this is possible in failure of the respiration 
during anesthesia, or still more frequently, in cases of poisoning from 
the soporifics, particularly the barbiturates, and it is certainly more 
likely to be beneficial than a number of other drugs suggested for this 
purpose. . In other forms of poisoning in which the respiratory center 
is in danger, strychnine may also be of service. In such cases it should 
be injected hypodermically. 

In amaurosis or amblyopia unassociated with atrophy of the optic 
nerve, and even in commencing atrophy, strychnine is claimed to 
improve the vision. In many cases it fails to produce any benefit, and 
the exact conditions in which improvement can be looked for are 
unknown. 

Strychnine has been used in heart disease, but all exact observations 
agree that it has no beneficial action (Parkinson and Rowlands). In 
weakness of the circulation from inefficiency of the vasomotor center it 
may act, but it is of no value in the treatment of the low blood-pressure 
of shock. 

Poisoning.— Strychnine poisoning is most commonly observed in 
children who mistake the drug for candy. The treatment of strychnine 
poisoning is directed to abolishing the convulsions and protecting the 
medullary centers from excessive stimulation. This is best accomplished 
by the intravenous administration of a suitable barbiturate (the so- 
dium salts of pentobarbital, phenobarbital, or amytal) in an amount 
(usually between 0.3 and 1 gram) necessary to induce sufficient depres- 
sion to abolish tile convulsions but not to depress respiration or blood- 
' pressure. 

After the convulsions have been abolished, any of the drug remaining 
in the stomach should be removed by gastric lavage. 

The patient should be protected against all external stimuli by being 
placed in a dark, quiet room and barbiturate administered again if 
muscle twitchings and signs of increased reflex irritability appear. 

If barbiturates are not available chloroform may be used temporarily 
to control the convulsions and allow lavage of the stomach. 

Preparations 

U.S.P. 

” ” ■ ■ ’ r ts ‘ ■ \ vomica, containing not 

les : * 1 ■ . '• 

1 Dose, 2 mg. 

. ■ ■ nc sulfate. Dose, 2 mg. 

Tinctura Nucis Vomica (about 0.1 per cent of strychnine). Dose, 1 cc. 

B. P. 

Extractum Nucis Vomica: Liquid um (1.5 per cent of strychnine). Dose, 
O.Ofi to 0.2 mil. (1 to 3 min.). 

Extractum Nucis Vomica: Siccum (5 per cent of strychnine). Dose, 0.015 
to 0.06 gram. . 

Liquor Strychnin.® Hydrochloridi (1 per cent of strychnine hydrochloride;. 
Dose, 0.2 to 0 8 mil. 

Nun Vomica, the seeds of Strychnos nux vomica, containing not less than 
1.2 per cent of strychnine. 
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Nux Vomica Pulverata, standardized to contain 1.2 per cent of strychnine. 
Dose, 0.0G to 0.25 gram. 

Strychnine Hydrochloridum (soluble in water about 1 in 40). Dose, 
0.002 to 0.008 gram. 

Syrupus Ferki Phosphatis Cum Quinina et Strychnina, “Easton’s Syrup” 
{0.025 per cent of strychnine). Dose, 2 to 4 rail. 

Tinctora Nucis Vomica: (0.125 per cent of strychnine). Dose, 0.6 to 2 mil. 
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H. PICROTOXIN 

Picrotoxin is the best known member of a group of convulsive poisons, 
which resemble each other very closely in action. It has the empirical 
formula (CaoH.+Ou) ; and may be broken up into picrotoxinin (CuHieO*), 
which resembles it in its effects on animals, and pierotin (C^ILaO?), 
which is inactive. Picrotoxin is obtained from the berries of Cocculm 
indicus, a shrub found in the East Indies. 

Other poisons resembling picrotoxin are Ciaitonn, derived from the Cicuta 
virosa, or water hemlock, and probably from other species of Cicnta, “nare- 
tholoxin, the active principle of CEnanthe crocata, water dropwort, or dead 
tongue, and Coriamyrtin, which occurs in several species of Conaria, of which 
the best known is the Coriaria myrtifolia or currier’s sumach; rutin, the active 
principle of the toot or tutu poison of New Zealand, is obtained from other 
species of coriaria. Some of these bodies arc glucosiaes Camphor and some 
other volatile oil derivatives, notably the Thvjon of absinthe, also resemble 
picrotoxin in their effects, and the same is true of tno alkaloids Samandarine 
and Samandandine isolated by Faust from the skin of the newt. Lastly, some 
poisonous substances inducing symptoms like those of picrotoxin have been 
formed by the decomposition of the glueosides of the digitalis series. 

Symptoms.— The symptoms, which are often somewhat late in appearing, 
are very similar in all classes of vertebrates In man vomiting is not infrequently 
observed, or the first symptoms may be salivation, acceleration of the respira- 
tion, and some slowness and palpitation of the heart Stupor and unconscious- 
ness follow and then a genes of powerful convulsions, which, commencing in 
tonic spasms, soon change to clonic movements of the limbs, which are alter- 
nately extended and flexed in contrast with the prolonged contraction under 
strychnine. The respiration is interrupted during these spasms, but is reinstated 
during the intervals of quiet and collapse which follow them. The convulsions 
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return after a short pause, and this alteration of spasm and quiet may continue 
for some time, although the respiration often fails to return after one of the 
spasms, and fatal asphyxia results. , 

Similar effects are observed in the lower mammals. After a preliminary 
stage in which twitching of the muscles and vomiting often occur, and in which 
the respiration is accelerated while the pulse is slow, a violent emprosthotomc 
convulsion sets in, but soon changes to clonic movements; these may last for 
some time, but eventual! ’ * ’ ' ’ ' 

and depression. An inc. 
interval; the animal is ( 

may be observed. Very ■ 1 

from asphyxia, but the symptoms often continue for an hour or more, violent 
spasms alternating with periods of depression and collapse. In the frog, clonic 
convulsions are also the chief feature of the intoxication. Very often the animal 
becomes distended with air during the convulsions, and gives a curious cry in 
releasing it. The heart is always slowed and may cease to beat altogether for 
a time. 

Action.— The clonic convulsions of picrotoxin poisoning arc different from 
those of strychnine and other similar bodies, which induce prolonged tonic 
convulsions, and it was early surmised that the members of this series act on a 
different part of the Central Nervous System. In the fish, convulsions arise 
from picrotoxin after all the nervous system has been removed except the spinal 
cord. In the frog they persist when all of the- brain above the medulla oblongata 
has been removed, although they are weaker after destruction of the optic 
lobes; on the other hand, they lose their typical character when the medulla 
oblongata is removed. In a frog ten times as much picrotoxin is required to 

1 ’ - -f*— -1.1-*! r *t._ j 1 „\. n „ 


and medulla and optic lobes in the frog and from the cerebrum and mid-brain 
in mammals It is possible that in man the cerebrum is even more involved in 
the action than in the lower mammals. In Toot poisoning in man, it is often 
observed that a confused mental condition is present and that the memory is 
impaired after the attack and for some days later. 

The stimulation f *’ ~ ** **- 4U ' -'■'•''’-ration of the respiration, 

in the slow pulse, . very marked rise of the 

blood-pressure, ar In many animals the 

reflexes are found * < severed from the cord, 

and this indicates that the spinal cord is also more excitable than normally. 

’ 4 ’ 4 the cranial and sacral autonomic 

of these poisons. 


shov 
For ■ 

of picrotoxin at intervals of an hour and a half or two hours with survival oi 
the animal. ~ “ * * L ‘ 

that the larg ’ _ itlier 

manner than 0 " ...... s t0 

lower the temperature when it is given in quantities insufficient to cause con- 
vulsions. , , t 

The convulsions of picrotoxin and its allies disappear when chtoroiorm^or 


wnub 111 dtuuiuuii . 

effective against urethane and of no value 


against ethyl alcohol. 


In normal 
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unanesthetized animals it was effective only when given in convulsive doses, 
but in anesthetized animals it was active in non-convulsive amounts and accord- 
ing to the view of these workers its action upon the depressed respiration is 
probably due to the lessening of the depth of narcosis, bringing the animal 
to a more nearly normal condition. Ivrantz, Carr and Beck made a stud}' of 


the increased oxygen consumption but that it is due to its convulsive action, 
reducing the depth of the narcosis. Animals and persons are not awakened at 
once from narcosis by picrotoxin, but coriamyrtin has this effect. 

Therapeutic Uses.— Picrotoxm is used in therapeutics as an antidote m bar- 
biturate poisoning and has been used rather extensively following the studies 
by Maloney, Fitch and Tatum. In these and other studies it was shown quite 
definitely that animals which bad been given doses of the barbiturates, which 
under ordinary conditions would surely have proved fatal, recovered when 


airway, oxygen, gastric lavage and intravenous Huids should be employed con- 
currently with the picrotoxm therapy. 

An^ interesting sidelight which has been encountered in connection with this 


of picrotoxm in from twenty-four to forty-eight hours. One patient received a 
total of 2.134 grams in eight days. It will be seen that each case is a problem 


ployed is rather unusual 
in the body, which view 
xin in the rabbit. 


Preparations 
U S.P. 


Picrotoxinuxi, picrotoxm, shining crystals or microcrystalline powder, spar- 
ingly soluble in water. Dose, 2 mg. _ . . 

Injectio Picrotoxini, a sterile solution of picrotoxm in isotonic solution oJ 
sodium chloride. Dose, 2 mg. or more intravenously depending upon the seventy 
of the barbiturate poisoning. 
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m. OTHER ANALEPTICS 


Metrazol. (Leptazol), pentamethylentetrazol, was introduced by the 
trade name of “Cardiazol.” It was found by Hildebrandt (1926) .to 
produce epileptiform convulsions in frogs and mammals with large 
doses, and with small doses stimulation of the respiration and augmenta- 
tion and acceleration of the heart when that organ was previously 
weakened by chloroform or other depressants. It has bfien recommended 
as a remedy for circulatory failure as an improved substitute for camphor 
but other investigations have found no evidence, pharmacological or 
clinical, for this effect, unless the drug be used in convulsive doses. 
The evidence that it stimulates the respiratory and vasomotor centers 
is in keeping with its undoubted effect in stimulating other areas of 
the central nervous system and its analeptic action. However, it is a 
very uncertain respiratory stimulant in conditions of depressed respira- 
tion in animals in whieli -other stimulants are effective. 
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The principal use of metrazol lias been in the treatment of psychiatric 
disorders by convulsive therapy. As shown by Medium the convulsions 
induced by metrazol induced more or less the same response in these 
cases as did those induced by insulin. More recently electric shock 
therapy has to some extent displaced both of these drugs in psychiatric 
practice. 

Metrazol is a water soluble white powder which may be administered 
intramuscularly, subcutaneously, intravenously or orally in doses of 
0.1 to 0.3 gram, as required. 



Nikethamide 


Nikethamide (Coramine).— Another- synthetic compound of this group 
was introduced under the trade name of “Coramine.” Chemically it is 
pyridine-/9-carboxyIic acid diethylamide, and is the diethylamide of 
nicotinic acid. It is a yellowish liquid, freely miscible with water. 
Faust (1925) found that it produced an increase in the respiratory rate 
with rise of blood-pressure, (by reflex stimulation from the carotid body). 
Toxic doses produced excitement, tremors, and finally convulsions.. It 
has been widely used as a stimulant for the respiration and circulation, 
and has been specially recommended for cases of overdosage with avertin, 
morphine or other narcotics. The evidence goes to show that .it is a 
useful respiratory stimulant and that the beneficial effect on the circufa- 
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tion when it oecurs is due partly to the stimulation of the vasomotor 
center and possibly other reilex centers and is partly secondary to the 
improved respiration , There is no evidence to indicate that the drug 
has a direct stimulating effect on the myocardium or coronary vessels. 

Because of its analeptic action, nikethamide is used in acute res- 
piratory depression of anesthesia, alcoholic intoxication, and overdosage 
with hypnotics. The value of different analeptics m narcotic poisoning 
varies considerably with the particular narcotic involved. 

Nikethamide is used in a 25 per cent aqueous solution. In emergencies 
it must be administered intravenously in doses of 1 to 5 cc. as required. 
It is rapidly inactivated in the blood stream. When doses larger than 
3 cc. are given, the administration should be slow with close observation 
of the patient since large dose3 may induce convulsions and death 
from respiratory failure. 

Preparations 
B. P. 

Leptazocum, leptazol, CH* (CH»)» 6 - N N :N^\ . Dose, 0 05 to 0.1 gram. 

Injectio Leptazou, injection of leptazol. Dose, subcutaneously, 0 5 to 
1 mil j intravenously as a convulsant, 2 to 5 mil increasing to 12 mil. 

Niketuamidum, nikethamide, CH CH CH N CH Z’ CON(C*H,)», is the 
diethylamide of pyridine-S-carboxylic acid. Dose, 0 2 to 0 5 gram; intra- 
venously as a stimulant, 0 5 to 1 25 gram ( 

Injectio Nikethamidi, injection of nikethamide Dose, subcutaneously or 
intramuscularly, 1 to 4 mil ; intravenously as a convulsant, 5 to 16 mil. 
REFERENCES 

Rujistejn and Rovenstine Anesth and Anaig., 16, 151, 1937. (Analeptics.) 

Cook Proc. Roy. Soc Med , 31, 507, 1938, (Metraeol ) 

Dodds. Ibid , 29, 055, 1930 (Nikethamide ) 

Faust Lancet, 1, 1330, 1925 

JJff,DE8n\NDT Ilandb. der c*ptl Phannafcologie, 5, 151. 1937. (MetrasoiO 
IIuinoBRO Jour Pharm. and Eiper. Therap , 86, 60, 1016, 

Marshall, el al Ibid., 60, 472, 1937. (Respiration.) 

Medusa. Arch. Neurol Psych., 35, 361, 1936. (Convulsive Therapy.) 

Werner. Jour. Pharm and Ex per Therap., 63, 39, 1938. 


IV. THE XANTHINES 
Caffeine, Theobromine and Theophylline 

In a number of plants used in different parts of the world to form 
beverages and condiments, there sfre found the xanthine compounds, 
Cajfctnc, Theobromine and ThcophyUine ( Theocin ), which are also em- 
ployed in therapeutics, and have, therefore, acquired a double impor- 
tance as drugs and as articles of diet. The widespread use of prepara- 
tions of these by uncivilized peoples is a curious and unexplained fact, 
especially as they possess neither peculiar taste nor odor to guide in 
the selection of the plants in which they exist. Besides, caffeine and 
its allies in moderate quantities induce no marked symptoms, such 
as follow the use of alcohol, opium or hashish and explain their use among 
widely separated peoples. On the contrary, the only effects to be 
observed are a brightening of the intellectual faculties and an increased 
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capacity for mental and physical work. Coffee, the use of which is 
derived from the Arabians, is the berry of Coffea Arabica and contains 
caffeine; tea, tiie leaves of Thea Chinensis, contains caffeine along with 
theophylline. Cacao, cocoa, or chocolate is derived from the seeds of 
Theobroraa cacao, a tree indigenous in Brazil and Central America, 
and contains theobromine. In central Africa, the Cola or Ivola nut 
(Sterculia acuminata) is used by the natives, and contains caffeine with 
small quantities of theobromine. In Brazil, Guarana paste is formed 
from the seeds of Baullinia sorbilis, and contains caffeine and theo- 
bromine, while in the Argentine Republic, Yerba Mate or Paraguay 
tea (Ilex Paraguayensis) is used to form a beverage which contains a 
small quantity of caffeine. Another species of Ilex is met with in Vir- 
ginia and Carolina under the name of Apalache tea or Youpon, and 
also contains caffeine. 

Caffeine, theobromine and theophylline are purine derivatives closely 
related to the xanthine bodies found in the urine and tissues of animals. 
As seen in the accompanying formulae: 
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xanthine is 2:6 dioxypurine; caffeine is 1:3:7 trimethylxanthine; theo- 
bromine is 3:7 dimethylxanthine, and theophylline is 1:3 dimethyl- 
xanthine. 

Action.— These all resemble each other in most points of their pharma- 
cological actipn, but they differ markedly in the relative intensity of 
their action on various functions. Thus caffeine is the most. potent 
central nervous system stimulant of the group; theobromine exerts the 
greatest action on the muscles; and theophylline is the most effective 
diuretic and coronary dilator. Theobromine lias comparatively little 
effect on the central nervous system, while theophylline has no action 
on the muscles. . 

Central Nervous System.— In man, caffeine stimulates the central 
nervous system, in particular that part associated with the psychical 
functions. The ideas become clearer, thought flows more easily and 
rapidly, and fatigue and drowsiness disappear. .Not infrequently, how- 
ever, connected thought is rendered more difficult, for impressions 
follow’ each other so rapidly that the attention is distracted, and i 
requires more and more effort to limit it to a single object. If *c 
quantity ingested is small, however, the results are of distinct benefit 
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in intellectual work. The capacity for physical exertion is also aug- 
mented, as lias been demonstrated repeatedly by soldiers on the march, 
and more recently by more exact experiments with the ergograph. 
However, recently acquired motor skill requiring muscular coordination 
may be adversely affected. The stimulation of the higher nervous 
centers is often manifested in the insomnia and restlessness which in 
many people follow indulgence in coffee or tea late at night. Ivraepelm 
showed that both tea and coffee facilitate the reception of sensory 
impressions and also the association of ideas, especially in fatigue, while 
the transformation of intellectual conceptions into actual movements 
is retarded. This he regarded as due to stimulation of the highest or 
controlling functions of the brain, caffeine acting on the same parts as 
are first affected by alcohol and the methane derivatives, but altering 
them in the opposite direction. The effect of caffeine on the acuteness 
of the senses has been demonstrated by the greater accuracy of touch 
under its influence. 

Large quantities of caffeine often cause headache and some confusion 
and in rare cases of special susceptibility a mild form of delirium may 
be elicited, or noises in the ears and flashes of light may indicate derange- 
ment of the special senses. The pulse is quickened, and occasionally 
palpitation and uneasiness in the region of the heart are complained of. 
Convulsive movements of the muscles of the hand, and tremor in 
different parts of the body have also been recorded in some cases. 
These effects are induced only with difficulty in habitual drinkers of 
tea or coffee, so that the continued administration of small quantities 
of caffeine evidently gives rise to some tolerance. 

In the lower mammals the 'injection of large quantities of caffeine is 
followed by symptoms closely resembling those induced by strychnine. 
The reflex irritability is remarkably increased, the lightest touch being 
followed by powerful contraction of almost all the muscles of the body. ' 
After a time these contractions occur without any apparent stimulus, 
and culminate in tonic convulsions which last for several seconds. 
During these, the respiration ceases because the respiratory muscles are 
involved in the spasm, and occasionally it fails to be reinstated when 
the convulsions pass off. In other instances the spasms become weaker 
and occur at longer intervals; the respiration diminishes in frequency 
and depth and eventually ceases. 

The symptoms induced by caffeine in the lower mammals are due 
for the most part to its acting on the spinal cord in the same way as 
strychnine, though small doses may act on the brain, for they often 
elicit restlessness and timidity without any marked change in the reflex 
excitability. The centers in the medulla oblongata are also involved in 
the effects, as is indicated by acceleration of the breathing and occa- 
sionally by some slowness of the pulse from action on the vagus center. 

On comparing the effects. of caffeine and strychnine on the central 
nervous system, it will be found that while there is a general similarity 
in their action, the latter causes more marked stimulation of the lower 
divisions and has less action on the cerebrum in mammals and man. 
They both produce a general increase in the activity of nerve cells, but 
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caffeine acts more on the psychical, strychnine more on the reflex, 
functions. Theophylfine resembles caffeine in its action oil the central 
nervous systom, while theobromine induces few or no symptoms of 
stimulation. 

Muscular Action.— When a few drops of caffeine solution are injected 
into the leg of a frog there follows a peculiar stiffness and hardness in 
the muscles around the point of injection, which slowly spreads to other 
parts of the body and induces the appearance of rigor mortis. The same 
effect is observed when teased muscle fibers are subjected to a caffeine 
solution under a high-power microscope. The fibers contract, become 
white and opaque, and look stiff and inflexible; the transverse strire 
disappear, while the longitudinal become more easily visible. This 
appearance is due to the death and rigor mortis of the fibers, in which 
the myogen is apparently formed into myogen-fibrin; the same change 
occurs when caffeine is added to myogen in the test-tube. 



Fio. 29. — Respiration of a rabbit which had been slowed by morphine. At C, caffeine 
was injected intravenously and the respiration was at once greatly accelerated and moved 
toward the inspiratory position. 

In small quantities caffeine increases the irritability of muscle as 
well as its absolute strength and extensibility; that is, the muscle con- 
tracts on a weaker stimulus and against a greater load than it does 
normally. The amount of work done before fatigue sets in is also 
increased, unless when large quantities are applied, when the capacity 
for work is lessened; and with the first appearance of rigor it ceases to 
react to stimuli altogether. Caffeine augments the amplitude of con- 
traction of muscles stimulated by acetylcholine by lowering the excita- 
tory threshold to this drug. It also augments the action of neostigmine 
and has a decurarizing effect. The universally recognized effect of tea 
and coffee in increasing the capacity for physical work and in relieving 
fatigue has generally been regarded as due .to changes in the nerve cells, 
and it does not seem likely that the action on the muscle contributes 
to it; for theobromine, which acts strongly on muscle while it has little 
effect on the central nervous system, fails to remove fatigue and to 
increase working capacity in the same degree as caffeine. 
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The xanthines alsp act on smooth muscle. Theophylline relieves the 
spasm of the biliary tract and is an effective broncho-dilator in asthma. 

Circulation.— "When caffeine is injected in large quantities intraven- 
ously in animals, the heart is accelerated considerably without any 
significant change in the extent of systole and diastole. The acceleration 
is not dependent on changes in the regulating nerves of the heart, but 
arises from a direct stimulating action on the cardiac muscle, and espe- 
cially on that part from which the rhythm originates. Vagus stimulation 
has less effect than usual, but this is due to increased irritability of the 
heart and not to partial paralysis of the nerve ends. A similar accelera- 
tion is induced by caffeine after division of both accelerator and vagus 
nerves and after die paralysis of the inhibitory terminations by atropine. 
Still larger quantities of caffeine injected intravenously in mammals 
cause weakness and irregularity of the heart. The amounts used in 
therapeutics in man seem insufficient to induce either the acceleration 
or the subsequent irregularity observed in animals. The acceleration of 
the heart is not always accompanied by an increase in cardiac output, 
for the contractions may follow each other so quickly that there is not 
sufficient interval for the inflow of blood. 

The blood-pressure under these large intravenous injections in animals 
often rises to some extent, but not infrequently shows little alteration, 
and the increase in the blood-pressure is rarely significant. Caffeine 
tends to stimulate the vasomotor center in the medulla, and this would 
raise the blood-pressure, were it not for a simultaneous widening of the 
vessels through a direct action on the walls, this neutralizes in large 
part the central action on the circulation, so that the blood-pressure 
shows only slight changes (Sollmann and Pilcher). When very large 
quantities weaken the heart, the blood-pressure falls to a considerable 
extent, but if convulsions supervene it may again rise. 

When caffeine or theobromine or theophylline is perfused through the 
surviving heart, the coronary arteries are dilated, and this has led to 
the use of these drugs in conditions in which narrowing of these vessels 
is supposed to be present, A simitar effect is observed in the intact 
unanesthetized animal in which the coronary flow' may be doubled fol- 
lowing xanthine medication (Essex, ei at). It has also been claused 
that the xanthines facilitate the establishment of the collateral circula- 
tion in dogs with experimental myocardial infarction but the available 
data on this point are conflicting. 

In the normal human small doses of caffeine are without effect on 
the cardiovascular system. Larger dose3 (0.5 to 1 gram) cause no change 
in pulse rate but increase the card iac output slightly. In some individuals 
in whom subjective nervous effects follow the ingestion of caffeine this 
is accompanied by pronounced elevations in the pulse rate, blood-pres- 
sure and cardiac output (Grollman) These effects are probably second- 
ary to the stimulation of the central nervous system. More striking 
effects are elicited following the injection of theophylline compounds 
(Starr, ct al.) 

Me t abolism . — Caffeine m doses of 0.5 to I gram causes an increase 
in oxygen consumption of 10 to 35 per cent in the normal human. This 
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may account for the observed rise in body temperature which is, how- 
ever, comparatively insignificant (0.5° to 1° C.) and is seen only in eases 
in which an almost poisonous dose has been used. 

The Respiration is quickened by caffeine, owing to a stimulant action 
on the medullary center. This is seen in the improvement of the respira- 
tion in cases of dangerous poisoning with alcohol, opium and other 
drugs which prove fatal by depressing the center/ but is much less 
marked in normal animals. The quicker respiration is often more 
shallow than before the administration of caffeine, but the total air 
breathed is increased and the blood is better aerated; the lessened 
content of carbon dioxide in the blood causes the breathing to be shal- 
lower through lessening the stimulus to the respiratory' center. The 
action of caffeine on the center is thus diametrically opposed to that 
of morphine. 

The Alimentary Tract is not often affected by theobromine and caffeine, 
but after cither of them discomfort and loss of appetite are sometimes 
complained of, probably owing to changes in the gastric mucous mem- 
brane. These are much more marked after even small doses of theo- 
phylline, which has been found to produce small hemorrhages and 
erosions in the stomach, both in man and animals (Allard). This action 
of caffeine on the gastric mucosa has also been considered as a possible 
mechanism of the causation of gastric ulcer in man (Ivy). This stimula- 
tion of the gastric secretion of hydrochloric acid by caffeine is particularly 
prolonged and excessive in patients with ulcer (Mustek, cl al). 

Kidney. —It is an everyday experience that strong coffee or tea in- 
creases the urine to a much greater extent than the same amount of 
water, and this has been shown to be due to the caffeine contained in 
these beverages. Caffeine injected intravenously in the rabbit has a 
similar diuretic effect, though there is often a short preliminary period 
in which the secretion is actually diminished; this is especially marked 
when the injection is made rapidly, and may arise from circulatory 
changes or perhaps from the action of an overwhelming dose on the 
kidney itself. 

There has been much dispute as to the method by which caffeine 
causes diuresis. According to one view the primary and essential effect 
of caffeine is to increase the blood-flow through the kidney by provoking 
dilatation of the renal vessels with or without a rise in systemic blood- 
pressure. In many experiments the diuresis provoked by caffeine has 
been found to be closely associated with an increase in blood-flow 


are widely variable under experimental conditions and are increased by 
caffeine. Caffeine may, therefore, increase the secretion of urine by 
increasing the functioning surface of the glomerular capillaries rather 
than by altering the permeability of the glomerular epithelium as origi- 
nally postulated by Cushny. 

In the caffeine diuresis the fluid part of the urine is increased chiefly* 
but the solids also undergo an augmentation, though not to the same 



THE XANTHINES 


399 


extent- Among the solids the chief increase is seen in the sodium chloride, 
the nitrogenous constituents undergoing less alteration, although they 
also rise in amount. According to some observers, caffeine increases the 
chloride content of the blood and causes a loss of chloride and wafer 
from the tissues, the rise of blood chloride preceding the diuresis. It is 
possible therefore that the diuretic action of the caffeine group is at least 
partly due to an action on the tissues caus- 
ing a transfer of their chloride to the 
plasma with an increase in its non-colloidal 
content which in turn causes the diuresis. 

The dilution of the urine reduces the con- 
centration of acid, and in addition the 
alkali of the blood escapes through the 
kidney in larger quantity, so that the 
urine in caffeine diuresis is more nearly 
neutral than normally. 

The excretion of large quantities of 
fluid in the urine is of course, accom- 
panied by a diminution of the fluids of 
the blood, but the latter soon recuperates 
itself from the tissues. If there is any 
accumulation of liquid, such as edema, 
it is drained into the blood to replace 
the fluid thrown out by the kidney, and 
caffeine may accordingly be used tore- 
move edema or dropsy in. this way. If no 
such accumulation exists, the blood draws 
on the fluids of the intestine and stom- 
ach, and their withdrawal leads to the 
sensation of thirst. As a diuretic, caffeine 
is distinctly inferior to theobromine; in 
the first place, because the diuresis is Jess 
certain and is often accompanied by 
nervous symptoms— sleeplessness and 
restlessness; and secondly, because the 
increase in the secretion is smaller and 
lasts for a shorter time Theophylline 
acts on the kidney even more powerfully 
than theobromine 

Excretion. —Caffeine undergoes decom- 
position readily in the tissues, and the 
whole is destroyed or excreted within 
twenty-four hours During its passage 
through the body it loses its methyl 
groups and first becomes dimethyl- and 
then monomethylxanthinc. Eventually 
xanthine is formed and this probably is 
converted into urea. In the urine are 
found small quantities of the unchanged 



Fie. 30. —Caffeine diuie-ta m r 
rabbit. The amount ol uric* 
passed m ten minutes is repre- 
sented by the height of the rect- 
angles. The first ol these, AS. 
represent the normal accretion. At 
D a 6mall dose, and at C » large 
dose ol caffeine was injected intra- 
venously, and the secretion w 
accordingly increased Tbe shaded 
part of the rectangles represents 
the amount ol solids m the- urine 
It will be noted that these are 
increased but not in the same ratio 
a the fluid. The dotted lino repre- 
sents the average height of the 
blood-pressure during each period 
of ten minutes 
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drug, accompanied by larger quantities of dimethylxanthine and mono- 
methylxanthine. . After theobromine and theophylline some of the 
unchanged drug is found in the urine along with monomethylxanthine. 
The uric acid of the urine is not increased by any of these drugs. 

Tolerance.— A certain degree of tolerance is acquired from the pro- 
longed use of coffee, tea, or chocolate, as is shown by the absence of 
diuresis. Apparently the caffeine and its allies undergo more rapid 
destruction, but this does not explain the tolerance completely; the 
tissues also cease to react to their presence after prolonged use. 

Preparations.— Because of their slight solubility in water, the xanthine 
derivatives are used in the form of their readily soluble double salts 
when injected. When given by mouth, either the free bases or the double 
salts may be used. Caffeine is used as the free base, as citrated caffeine 
(a soluble mixture of caffeine and citric acid) or as the double salt caffeine 
with sodium benzoate. 

Theobromine is generally given in the form of a soluble double salt 
such as theobromine-sodiura-salicylate (diuretin) or theobromine-sodium 
acetate— the former containing about 47 per cent of theobromine, while 
the latter contains about 63 per cent. Theocalcin is a double salt or 
mixture of calcium theobromine and calcium salicylate and contains 
44 per cent of theobromine. It is less soluble than are the compounds 
mentioned above, and on that account is said to produce less gastric 
irritation. 

Theobromine preparations are only given by mouth. 

Theophylline (also known as theocin) is used' as the free base, or in 
combination with ethylene diamine. The latter is also known as amino- 
phytiine and contains about 70 per cent of theophylline. Aminophylline 
is available in the form of tablets for oral administration, as a sterile 
solution for intramuscular or intravenous injection and in the form of 
rectal suppositories. When injected intravenously, infusion should he 
performed very slowly in order to avoid untoward effects. The double 
salt of theophylline and sodium acetate which is also known as theocin 
soluble is used orally. 

> Therapeutic Uses.— The action of caffeine on the central nervous 
system has led to its employment in a number of different conditions; 
thus, in nervous exhaustion it may be used to stimulate the brain, and 
in collapse its action on the respiratory center has been found of value. 
In narcotic 'poisoning with failing respiration, caffeine may be used to 
stimulate the center and is usually preferable to strychnine or atropine; 
in opium poisoning more particularly, strong coffee has long been used, 
but caffeine might be substituted with advantage. Its stimulant action 
on the brain, and more especially on the respiration, renders it an 
antidote in dangerous cases of alcoholic poisoning also. In such con- 
ditions it is most effective by hypodermic administration in doses of 
0.5 to 1 gram of caffeine sodium benzoate. Some forms of migraine 
and headache are relieved by caffeine, but in others it seems rather to 
intensify the pain; this effect probably arises from the action on the 
brain and may be compared to the relief of fatigue; headache is often 
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treated by a mixture of caffeine a«d one of the antipyretic series, such 
as phenacetine. 

The principal therapeutic value of the xanthine drugs depends upon 
their action as diuretics although they are far less effective for this 
purpose than the mercurial compounds described on page 142, How- 
ever, in patients with renal insufficiency in w horn the mercury diuretics 
are contraindicated the xanthine drugs are depended upon. The modern 
use of diuretics in aiding in the elimination of edema has no doubt 
contributed greatly to the prolongation of life in patients nitb cardiac 
failure. Theophylline ethylene-diamine (aminophylline), theophylline 
sodium acetate (theocin soluble), theobromine and sodium acetate and 
theocalciu arc the drugs used for this purpose. 



t'io. 31 —Action of iHwbromme in cardiac dropsy. A ease of cardiac drop*! treated 
with diurclm (tlieobrommModHitn-Mlicjlate) dunnf; tfio period marled with the bhclt 
line !*idK Vn%c, 0 G erom thmtmeaa day. Th«u»»o per day »o ounces umatl&J in Oio 
unbroken line Tho body weight fell continuously (dotted line) as the dropsy disappeared, 
and when the normal weight of almost SO pounds was reached, the diuresis became less 
marked, M there was no longer so much fluid to draw upon 

Theophillinc and theobromine preparations are widely used in angina 
pectoris to decrease the number and severity of attacks, fn careful!} 
controlled studies it has been found that placebos are equally effective 
insofar as the patients’ subjective symptoms are concerned. For this 
reason the value of the xanthine drugs in coronary artery dhen«e has 
been viewed with skepticism. However, Brown and It he man have 
claimed that the ability to withstand physical exertion without jwm 
h enhanced by the administration of the xanthines which conforms with 
the experimental evidence for their dilator effects. Wiether the tli'ea«ed 
coronary vessels react in ft way similar to that in the normal is of course 
problematical- 

The xanthine derivatives have proven to be of value in the treatment 
of severe attacks of asthma particularly of the 'o-callec! stains astimaiictu 
fn patients refractory to epinephrine the <l«w irumvenmn injeetbm of 
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0.25 to 0.5 gram of theophylline with ethylene diamine (aminophylline) 
in 10 cc. of isotonic saline may give relief where other measures have 
failed. Whether this beneficient effect is due to relaxation of the bronchi- 
oles pr to the dilating effect of the drug on the pulmonary vessels is not 
settled. 

Coffee and Tea 

Coffee is not used in medicine, but is of great dietetic importance 
The coffee bean contains about 1 to 2 per cent caffeine, and a cup of 
coffee is equivalent to 0.1 to 0.2 gram of caffeine along with some 
volatile substances, such as furfuralcohol, produced by the roasting; 
these have been called Coffeon and resemble in their action the volatile 
oils. - 

Tea contains a larger percentage of caffeine (about If to 4 per cent), 
but 'as less tea is used than coffee, each cup may be considered to con- 
tain 0.1 to 0.2 gram. In green tea there is a considerable quantity of a 
volatile oil which also passes into the infusion, and the flavor of black 
tea also arises from volatile substances ( Theon ). Both black and green 
tea contain about 7 per cent of tannic acid, but this is only extracted 
slowly; however, the bitter taste in tea that has been prepared too long 
is due to the tannic acid. 

The wakefulness and the relief from fatigue which are produced hy 
tea and coffee are undoubtedly due to the caffeine contained in them. 
On the other hand, the feeling of well-being and comfort produced by 
coffee after a full meal is similar to the carminative effects of the volatile 
oils and appears to be due to the local action in the stomach of the 
volatile constituents of coffee. Apart from this local action, these 
volatile bodies seem to have no effect whatever on the economy. There 
is a widespread belief that excessive tea-drinking disturbs gastric diges- 
tion and this has generally been attributed to the tannic acid contained 
in it. It is not unlikely that the caffeine and theophylline may also 
play a part in this gastric action by causing irritation of the mucous 
membrane. Excessive consumption of tea or coffee may produce, in 
addition to digestive disturbances, increased nervous excitability, 
tremor, palpitation and insomnia, effects directly due to the caffeine 
content of these beverages. 

Chocolate contains theobromine (0.5 to 1 per cent), instead of caf- 
feine, and besides this a large amount of fat (cacao-butter, 15 to 50 per 
cent), starch and albumins. The theobromine does not possess the 
stimulant action of caffeine on the nervous system, and chocolate may 
therefore be taken where coffee or tea produces wakefulness. The 
starch and fat arc assimilated by the tissues so that chocolate is a true 
food. Neumann found that cocoa retards the absorption of the pro- 
teins and fats of the food, especially those forms of cocoa in winch 
the fat has been partially removed. On the other hand, cocoa with a 
large percentage of oil delays the gastric secretion and may give rise 
to a feeling of heaviness and discomfort in the stomach. Its continued 
use may cause dyspepsia, partly from this cause and partly from theo- 
bromine acting on the gastric mucous membrane. The food value of 
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cocoa and chocolate (apart from that of added sugar) is often over- 
estimated. It allays hunger, but this is only in part from its being a 
food, the local detrimental effect on the gastric mucous membrane 
tending to lessen appetite. 

Minor Diuretics 


A large number of vegetable drugs enjoyed a reputation in the past 
as diuretics but have been displaced by the effective xanthine and 
mercury diuretics, ammonium chloride and urea. The last named is 
non-toxic and may be given in large doses (1 to 5 grams three or four 
times daily) to patients who do not have an elevation in non-protein 
nitrogen of the blood without undesirable reactions. Water itself is an 
excellent diuretic and many of the vegetable drugs formerly used owed 
their position merely to the large quantities of wafer in which they are 
taken; and some of them, such as barley, only lend body and taste to 
water. Others have a slight diuretic action in thcnv-ches but are super- 
fluous since the introduction of more effective compounds. 


Ura Ursi, the leaves of the bearberry, Arctostephylos uva tim, and of allied 
plant®, contains two glucosidcs, Arbutin and Methylarbuhn, alone with large 
quantities of tannin and some inactive bodies These glucosidcs arc decom- 
posed by the action of acids or of emulsin into glucose and hsdroquinonc or 
methylhydroquinone, and this change seems to occur in the uodv, for some 
bydroquwone appears in the unne though mewt of the arbutin in excreted 
unchanged. Uva urai is found to have some diuretic action and the urine is 
found to undergo putrefaction more slowly than usual Both these effects appear 
to bo due to the undecomposed arbutin, though the hvdroqumone may reinforce 
.the glucosidc in retarding putrefaction 

Buchu, the leaves of several species of Baroszna, contains a volatile oil, which 
is excreted by the kidneys and increases the unne slightly, it af*o has o feeble 
.antiseptic action in the urine. 

Scoparius, the tops of the common broom plant (Cytisus pcopnrins), contains 
a resinous substance, ecoparin, which seems to act on the kidney ns a wild 
diuretic and account® for the reputation which broom-tops once enjoyed 


Preparation's 
17 S P 

Caiveina, as in B. P. Dose, 0 2 grain 

CAPrsiVA ClTRATA, a white powder consisting of a mixture of about equal 
parts of citric acid and caffeine It is soluble m 4 parts of water On diluting 
this solution with an equal quantity of water, a portion of the caffeine gradually 
separates out but redissolvoa on further addition nf water Do*e, 0 3 gram 
CafFeina XT Sodji Brszoxa, a mixture of equal parts of raffcinc and sodium 
benzoate, dissohes in about its own weight of water. Do*o month or infra- 
musculsriy, 0 5 gram. ... 

iKiEcno Caftei.v.e et Sobli Bmctovni, an aqueous sterile solution. Do-e, 
0 5 gram intramuscularly ... , 

TiiEonr.owiNA et Soon Acetss, a hydrated mixture of theobromine «yimnt 
and sodium acetate in approximately molecular proportions Do^e, 0.» gram, 
CAFsct-K TifEOfUioui.v.K kt Soi>H Afetatts 1>o=c. 0 2 gram. 
Theophtxuva, or Thcocme, is a white erystaHum jiowdcr. sohihle I to 120 
in cold water, more soluble »n hot water. Dose, 0 2 gram in powder or tal>M« 
Tabcla: THEoruvLUV.E. Pose, 6 2 gram 

TuroniTUKfA A'TnTLrNTPiAMlMCA, white or ?l/ghtb jeno«e«b grant!?'-*, 
containing approximately “5 per refit of theophylline, noiubJe J jn ,> of water 
Do*c, OS! gram. 
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Tjieofiiyllixa et Sodii Acetas, a white crystalline powder, containing about 
CO per cent of theophylline, soluble 1 in 25 of water. Dose, 0.2 gram. 

iKJECTIO ThEOPIITLLINE iETIIYLENEDIAMINlCiE, 

TABELL.E TnEOrHYLUNE ^TIIYLENEDIAMINICE. 

B.P. 

Caffeika, long, white, silky crystals, without odor, but possessing a bitter 
taste, soluble in SO parts of cold water, more so in boiling water. Dose, 0.12 to 
0.3 gram. Caffeine is best prescribed either in powder or in tablets. It may 
also be given in water with salicylate of sodium, which aids its solution. 

C« p r-v— ; ~ ' V i • r ’ ‘ ■ '.ffeinc and sodium 

ben ' . . ' ' ■ ■ ■ . 1 ■ ■ soluble in 4 parts 

of v .■ . I ■ • I . . ■ • 

TnEonROMiNA et Sodii Saucylas, a white, odorless powder, with sweetish 
taste; soluble in 1 part of water. Dose, 0.6 to 1.2 gram. 

Theopiiyluna, theophylline, see under TJ. S. P. 

Theofhyluna cum jEthylenediamina, theophylline with ctbylcnediaraine, 
aminophyllinc. Dose, 0.1 to 0.3 gram. 

Theopiiyluna et Sodii Acetas, a white, odorless powder with bitter taste; 
soluble in 25 parts of water. Dose, 0.12 to 0.3 gram. 

Mehsaltlum, mcrsalyl, a white bitter deliquescent powder. 

Injectio Mersalyu, injection of mersalyl. Dose, 0.5 to 2 mil. 
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C. LOCAL ANESTHETICS 
I. COCAINE 

Cocaine is nn nlknloid obtained from the leaves of Erythmvylnn coca 
and other species of Erythroxylon. The coca tree is indigenous to Peru, 
Bolivia, and adjoining areas of South America, where it lias been in use 
for -centuries. It has been introduced into India, Ccvlon, and Java. 
The leaves of the coca grown in Peru arid Bolivia contain cocaine along 
with small quantities of other alkaloids, but the Indian coca and still 
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being unchained or taken for a walk, but afterward running continually 
in a circle and paying but little heed to anything around it. Still later 
regular convulsions occur, and these are at first clonic, but may after- 
ward become tonic, and then resemble those seen in strychnine poison- 
ing. Even before the convulsions appear the animal seems partially 
unconscious, and in the intervals between them it lies in an apathetic 
state, which soon deepens to coma and death from asphyxia. 

In the frog a certain amount of stimulation of the central nervous 
system is often displayed after small doses— increased movement, 
exaggerated reflexes and occasionally convulsions— but these soon pass 
into depression and eventually total paralysis of the central nervous 
system, while the peripheral nerves still maintain their function. 

General Action.— Many ■ of these symptoms point to a stimulant 
action on the Central Nervous System, resembling closely that seen in 
atropine poisoning. Thus the garrulity which is so often produced 
by cocaine, indicates augmented activity of the cerebrum, and the 
increased movement in the lower animals distinctly points to an affec- 
tion of this part of the brain, for the movements are perfectly coordi- 
nated, and, in fact, in the early stages resemble exactly those performed 
by the normal animal in a condition of excitement. Further evidence 
of the action of cocaine on the cerebrum is ofFered by its effects on 
muscular work. The natives of Peru and Bolivia have used it for cen- 
turies to increase their endurance of fatigue. The bearers of the Andes, 
for example, march for hours with very little rest or food when they 
are supplied with coca leaves to chew. The effects of cocaine on the 
muscular power and on fatigue have been investigated also by means 
of the ergograph and dynamometer, and all observers agree that much 
more work can be done after cocaine than before it, and that it has a 
surprising potency in removing fatigue. As regards mental work, its 
effects are less known, but on the analogy of caffeine it may be sup- 
posed to increase the mental powers also when taken in small quantities. 
Some travellers in South America relate marvellous tales of its produc- 
ing feelings of the highest bliss and power, but these have not been 
confirmed by experience of the action of cocaine in less romantic legions 
of the globe. Cocaine in small quantities, then, increases the higher 
functions of the cerebrum, while in somewhat larger doses the stimulant 
effect spreads to the lower areas and produces a very great increase in 
movement, accompanied, it would seem, by a depression of the con- 
sciousness At the same time, the coordinating or balancing powers 
seem affected, so that the animal generally moves in a circle, the symp- 
toms resembling the forced movements often seen in affections of the 
cerebellum. 

The motor areas of the cerebrum have been found to be more easily 
stimulated by the electric shock when cocaine is injected, though when 
it is painted on the surface of the brain it lowers the irritability, owing 
to its being present in too great concentration. Still larger quantities 
induce convulsions, which are not of spinal origin, but point rather to 
action on some undetermined part of the hind brain. At an early stage 
the medulla oblongata is affected, as is shown by the quickened res- 



COCAINE 


m 


piration, and the exaggerated reflexes indicate stimulation of the spina! 
cord, which may be so great after very large doses as to cause eon* 
vulsions like those produced by strychnine. The action of cocaine on 
the central nervous system is primarily a descending stimulation, the 
cerebrum being first affected, then the hind brain and medulla oblongata, 
and last of all the spinal cord. Perhaps it might be better expressed 
by saying that after small quantities the chief symptoms arise from 
the cerebrum, but as the dose is increased those from the lower parts 
of the central axis tend to become more prominent. After the stimula- 
tion there succeeds depression, which follows the stimulation down- 
ward, affecting first the cerebrum and then the lower divisions. The 
two stages are not definitely divided, however, one part of the cerebrum 
often showing distinct depression, while another is still in a condition 
of excessive activity. In some cases, especially in man, nhen a large 
dose is rapidly absorbed, the stage of excitement may be very short or 
apparently absent and the whole course of the symptom? then points 
to medullary depression. 

The Respiration after cocame is much accelerated, owing to central stimula- 
tion. At first the depth of the movement is not changed, hut as the acceleration 
progresses the aw inspired with each breath gradually becomes less During 
the convulsions the respiration is irregular or ceases, but it recovers again in 
the intervals, until after a very' violent paroxysm it fails to be reinstated In 
other cases the breathing becomes slower and weaker after a time, and eventually 
stops from paralysis of the center. Periodic respiration is frequently seen, of 
the form generally known as Cheyne-Stokcs 

The Circulation is altered by cocaine, owing to its action on the heart and 
on the vessels The heart is much accelerated in mammals, w hdc m the amphib- 
ians thi 3 is less often observed The quickening has been ascribed to paralysis 
of the inhibitor)' terminations, but this seems not to be the case, for stimulation 
of the vagus slows the heart even late in the poisoning. The heart is accelerated, 
then, either by direct action on the muscle or by stimulation of the accelerator 
mechanism. It is often slow before death, but apparently not invariably, and 
this is probably due to direct action on the muscle. A large do«c injected intra- 
venously may cause rapid cardiac failure In the frog’s heart the inhibitor)’ 
apparatus is paralyzed, the ganglia being affected in the same way as by curare 
and other drugs 

The vessels arc much contracted m the earlier stages of poisoning, and this, 
together with the increased output of the heart, leads to a verv considerable 
rise in the blood-pressure The constriction of the vessels feems due to stimula- 
tion of the vaso-constnctor center, for it is absent after section of the spinal 
cord When applied to mucous membranes, cocaine constricts the vessels from 
direct action on their walls, but there 13 no reason to believe that these are 
affected m general poisoning, since Jhe necessary concentration would prove 
fatal from action on the heart and respirator)- center. 

Cocaine in low concentrations stimulates most forms of smooth muscle, 
e g , of the stomach, intestine and uterus, while higher concentrations 
relax or paralyze the mii'cle. Considerable variations have been found 
in different species of nniroaU in the response of smooth muscle in 
particular organs. The dilatation of the pupil and constriction of the 
vessels suggested a stimulation of sympathetic nerve-ends, hut a wider 
survey of the actions of cocaine provides no real parallel Iwtwecn its 
actions and sympathetic stimulation. However, cocaine has the property 
of jmtenti.iting the re-jimiM's of organs innervated by the sympathetic 
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to epinephrine as well as to sympathetic nerve stimulation. This poten- 
tiating effect has been explained by assuming that cocaine inhibits the 
destruction of epinephrine and hence prolongs its action. 

The Urine is sometimes increased by cocaine, while in other instances 
its injection has been followed by total anuria lasting for several hours. 
This suggests that the action is not a direct one on the kidney, but is 
caused merely through the changes in the caliber of the vessels. 

The other Secretions seem rather decreased than augmented, but no 
very marked effects arc produced on them. 

The Temperature generally rises in cases of poisoning, sometimes as 
much as 3° to 5° C. This pyrexia is presumably due to the combined 
effects of the drug (1) in augmenting heat production as a result of 
increased muscular activity, (2) in causing vasoconstriction which 
decreases heat elimination, and (3) in a direct action on the temperature 
regulating centers of the mid-brain. Cocaine pyrexia is usually preceded 
by a chill. 

Some cocaine is Excreted by the kidney, the amount (from 1 to 1G per 
cent) varying in different animals. Part of this variation has been 
attributed to rcabsorption from the bladder. The remainder of the 
drug is destroyed in the liver. 

Tolerance appears tobe attained in man when cocaine is used habitually, 
but this is not as striking as in morphine addiction. In animals repeated 
injection leads to a cumulation of cocaine in the tissues and hence the 
animal instead of becoming more tolerant becomes more susceptible to 
each new injection. 

Cocaine Habit.— Since the introduction of cocaine into general thera- 
peutic use, numerous cases of the formation of a habit similar to that 
of opium or morphine, have been recorded. This habituation differs, 
however, from the physiological dependence or addiction which occurs 
with opium and its derivatives. 

Habitues usually take cocaine as a snuff, and this practice leads in 
many cases to ulceration or even perforation of the nasal septum. Some 
tolerance is produced to it but never so high as to morphine. As a rule, 
the practice is indulged in more intermittently than of morphine; and 
the abstinence symptoms are usually less serious than those following 
the withdrawal of morphine. The symptoms of cocainism generally 
begin with digestive disorders, loss of appetite, salivation and emacia- 
tion, but the more important changes occur in the central nervous 
system, which apparently undergoes, degeneration similar to that seen 
in chronic morphine poisoning. Sleeplessness, tremors and occasionally 
convulsions, hallucinations, insanity, and delirium have been noted 
after long abuse, along with indefinite disturbances of sensation and 
motion. The cocaine habit seems to lead more rapidly to mental, moral, 
and physical deterioration than the morphine habit. The treatment 
of these cases is the withdrawal of the drug, and this can generally be 
done without the production of any special symptoms, though it is 
sometimes followed by great depression. 

Local Action.— Cocaine applied locally in most parts of the body pro- 
duces a loss of sensation through its paralyzing the Terminations of the 
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Sensory Nerves,' particularly those conveying impressions of pain ami 
touch. At first heat anti cold are recognized as readily as in the unaffected 
parts of the body. Cocaine applied to the tongue removes the taste of 
bitter substances, while sweet and acid fluids lose their taste only 
partially, and salt is recognized as easily as usual. A solution applied 
to the nasal mucous membrane paralyzes the sense of smell entirely. 

The anesthesia or insensibility to pain and touch may be induced 
in any of the mucous membranes that can be reached bv cocaine in 
sufficient concentration— pharynx, larynx, esophagus, stomach, nose, 
eye, urethra, bladder, vagina, and rectum. Applied to the unbroken 
sktn its effects are less marked, as it penetrates but slowly through the 
horny opiderrais; but when the epidermis is removed by abrasions or by 
skin disease, the cutaneous organs of sensation are noted on in the same 
way as those of the mucous membranes. The deeper sensory termina- 
tions can also be acted on by hypodermic injection, which causes a 
feeling of numbness and the relief of pain in the part. 1 1\ podermic 
injection reaches not only the nerve terminations of the subcutaneous 
tissues, but also the finer nerve bundles, and these too are rendered 
insensible as far ns the solution extends to them. The part may there* 
fore be cut into or be subjected to other surgical treatment without 
pain, ns long as the knife does not pass beyond the area to which the 
drug has penetrated, and numbers of grave surgical operations hove 
been performed under the local anesthesia produced by cocaine. 

Injected into the neighborhood of a nerve trunk, cocaine penetrates 
into the fibers and induces anesthesia of the organs supplied by the 
nerve, and injected into the spinal canal it causes anesthesia over targe 
areas of the body, sometimes aver almost the whole hotly, from its 
acting on the posterior roots of the cord. It must be noted that the 
anesthesia is only producer! by the local application of the drug- The 
internal administration only leads to a partial loss of sensation in the 
throat and stomach, and no anesthesia is induced by ita nction after it 
reaches the blood-vessels. The reason for this evidently is that in order 
to paralyze the sensory fibers and terminations a considerable amount 
of the drug is required, but much less is necessary to paralyze the 
central nervous system. Even in the frog the sensory terminations are 
not fully paralyzed until all symptoms of reflex excitability have dis- 
appeared and total paralysis has supervened. 

Cocaine applied to a nerve trunk proves to have a distinct select L e 
action, for the sensory filers fail to conduct sensory impressions, while 
motor impulses pass through the fibers without difficulty. Similarly, 
when it is injected into the spinal canal, complete loss of sensation in 
the lower part of the body follows, but the movements arc almost 
unimpaired. This “election is only relative, for larger quantities pamlyw* 
the motor nerve fil>crs also This difference in the reaction of the two 
sets of fiber* is due to the difference in the size of the nerve fibers con- 
cerned with different functions Hie afferent sensors* filrt-r* arc small 
and hence are more readily penetrated and affected by « local anes- 
thetic than the larger efferent motor filters Likewise, when cocaine is 
applied to the vagus nerve, it paralyzes the cardiac inhibitor}* fiber*, 
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which are small, while the larger afferent fibers which convey impulses 
to the respiratory center are more resistant. 

When cocaine is applied locally to a mucous membrane it produces, 
besides a loss of sensation, a feeling of constriction and a distinct pallor 
and contraction of the vessels, due to a local action on the vessel walls. 

The anesthesia produced by cocaine is comparatively short, but 
varies with the strength of the solution applied and with the vascularity 
of the part; as soon as the cocaine is absorbed, the local action disappears 
and sensation returns. 

Tlie prolonged muscular cramp seen in various -nervous diseases and % 
notably in tetanus, disappears when cocaine is injected into the muscles; 
this has been attributed to its paralyzing the sensorj r terminations in 
the muscle and thus arresting the proprioceptive stimuli which, passing 
to the spinal cord from the muscle, maintain its excessive activity. But 
if, as is asserted, cocaine also arrests the muscular contractions induced 
by nicotine, guanidine, etc., even after degeneration of the nerves, this 
explanation is insufficient and the action must be an antagonistic one 
on the receptors affected by these substances (Frank). 

Cocaine applied to the Eye produces local anesthesia with contraction, 
of the conjunctival vessels, followed by dilatation of the pupil and often 
by partial loss of the power of accommodation. The dilatation of the 
pupil is much less than that produced by atropine, and differs from it 
in several respects. Thus, the light-reflex is preserved, the pupil con- 
tracting in bright light and dilating further in the dark; a number of 
drugs which have little or no effect after atropine, contract the cocainized 
pupil (pilocarpine, muscarine, physostigmine), while atropine dilates it 
still further, and cocaine produces some dilatation after the full atropine 
action has been elicited. The motor oculi nerve is not involved in the 
action of cocaine, unless very large quantities are applied, when its 
terminations may be depressed in the same way as by atropine. It is 
believed that cocaine dilates the pupil by exerting a sympathicomimetic 
action on the dilator muscle (Fig. 35, page 468) in the same way as 
epinephrine. But this is not established by any satisfactory evidence, 
and cocaine differs from epinephrine in not affecting the sympathetic 
fibers in other organs. 

The effect on t^e intra-ocular pressure seems to vary; it is sometimes 
reduced, from constriction of the vessels perhaps, while some cases are 
recorded in which the use of cocaine was followed by an acute attack 
of glaucoma, which is ascribed to the cocaine relaxing the iris and thus 
impairing the escape of fluid from the eye in the way which is more 
familiar under atropine. 

Cocaine applied to the eye may cause clouding and ulceration of the 
cornea. This in addition to its mydriatic action have led to its replace- 
ment to a large extent in therapeutics by other local anesthetics. 

General Protoplasmic Action.— The effects of cocaine on the nerve 
fibers and sensory terminations is so striking that its toxic action on 
other forms of living matter is liable to be forgotten. The anesthetic 
action is, however, merely an instance of its general toxicity, for if 
brought in contact with other forms of living matter in the con centra- 
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tion used in anesthetizing nerve-ends, it is poisonous to ail the structures 
which have been examined. Even concentrations too low to act on the 
peripheral nerves act on the nerve cells and paralyze them, so that it is 
impossible to induce a general loss of sensation by cocaine injected into 
the circulation, and local anesthesia can be induced only by applying 
relatively strong concentrations and confining their action to definite 
areas. The ciliated epithelial cells, leucocytes and spermatozoa become 
motionless, the cortical nerve cells lose their excitability, and many of 
the invertebrates are killed by even a short exposure to cocaine. The 
movements of protoplasm in plants are also retarded or entirely sup- 
pressed by this poison, and the process of putrefaction is delay ed con- 
siderably. In some cases, notably in the higher invertebrates, the final 
depression is preceded by a stage of increased movements, and vertebrate 
muscle cells, whether striated or unstriated, are first aroused to greater 
activity and then depressed and paralyzed. In some other instances, 
however, cocaine induces only depression and paralysis. 

Other examples of this destructive action are also seen in the clouding 
of the cornea which may follow the application of cocaine to the eye 
and the necrosis which sometimes- follows its subcutaneous injection. 
Victims of the cocaine habit often show numerous scars on the arms 
and legs from this local gangrene, although this is probably often due 
to unstcrifized syringes rather than to the solution . 

Acute Cocaine Poisoning.— The symptoms of acute cocaine poisoning 
vary very much, depending upon the toxie dose and the rapidity of its 
absorption. In most cases convulsive symptoms arc most prominent 
and should be controlled by the intravenous administration of ft slow 
acting barbiturate. Wien a large dose has been rapidly absorbed, the 
symptoms may he mainly depressant, and artificial respiration may be 
necessary. Of course, the stomach ought to be evacuated first of all if 
the drug has been taken by the mouth ami a tourniquet applied if the 
drug has been injected. Perhaps the bladder also ought to be evacuated 
to prevent the possibility of reabsorption of cocaine from that viseus. 
In cases where cocaine is to be used in surgery ns a local anesthetic the 
previous administration of barbital or of one of the other barbiturates 
has seemed to lessen to a very considerable degree the likelihood of 
poisoning. 

H. LOCAL ANESTHETICS 

In the early day's of local anesthesia with cocaine, a number of fatali- 
ties occurred from it3 use. These became less frequent with increasing 
experience of the margin of safety within which it could he mod. How- 
ever, the fact that it is a highly toxic substance and has also the serious 
drawback of habit-formation prompted the search for less dangerous 
substitutes. If adequate substitutes could be found, uhicl* do not give 
rise to habit-formation, there would be no excuse for the manufacture 
of cocaine and the illicit un* of cocaine could be eliminated at its source. 
The local anesthetics are used for a great variety of purposes, and it is 
not necessary that cocaine should be completely replaceable by one 
substitute. It would l«* sufficient if for each different use of cocaine 
some less dangerous and equally efficient substitute could In* found. 
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In the search for substances to replace cocaine, over one hundred local 
anesthetics have been introduced, but only a few have been widely 
used, and of these only the most important can be considered here. 

In addition to cocaine and its substitutes, other protoplasmic poisons 
such as quinine (in combination with urea) are occasionally used for 
local anesthesia. Freezing is also a procedure for abolishing pain and 
is sometimes used in surgery. Anesthesia can be induced in this way, 
for example, by packing an extremity in ice or by the application of 
volatile agents such as ethyl chloride (page 291.) 

The ideal local anesthetic should have a wide margin of safety between 
the amount of the drug necessary to produce anesthesia and the toxic 
close. The therapeutic index of the available synthetic local anesthetics 
is very variable. The drug must be soluble to permit its .injection and 
rapid diffusion into the nerve fibers. In order to prevent their rapid 
absorption epinephrine is added to many of the local anesthetics in 
order to constrict the blood-vessels and thus delay the absorption of the 
anesthetic and prolong its action locally. An ideal local anesthetic should 
require little time for the onset of its action; should last for a long 
enough period to allow’ the desired surgical procedure to be performed; 
and should then leave no residual damage or effects on the nerves and 
tissues. v 

Chemistry.— The synthetic local anesthetics are tertiary amino esters 
of aromatic acids. Simple esters of amino-benzoic acid manifest some 
local anesthetic action but this is increased as the side chain is increased 
in length and when a tertiary amino group is introduced into the mole- 
cule. 

In the accompanying table are listed some of the synthetic local 
anesthetics and their formulae, which are included in the U. S. Pharma- 
copeia as well as several selected from the large group included in New 
and Non-official Remedies. Since the free bases are insoluble, they are 
used in the form of acid salts which are converted in the tissues to the 
free base which is responsible for the anesthetic effect. 

Procaine which was introduced in 1905 under the trade-name "novo- 
caine” is probably the most important of the local anesthetics and when 
injected it acts promptly and is non-irritant. It is the diethylamino-ethyl 
ester of para-arainobenzoic acid and is only about a fourth as toxic as 
cocaine. Its action is usually prolonged by the addition of epinephrine 
to the solution. It does not penetrate well when applied to mucous 
membranes so that it is usually given by hypodermic injection. It is 
prompt and powerful in its anesthetic action. The hydrochloride of 
procaine is the salt usually employed although the nitrate and borate 
are also used. The molecule of the last named salt is heavier than that 
of the hydrochloride and as it contains only 51.8 per cent of the base 
it has to be given in larger doses than the hydrochloride. 

Procaine is destroyed mainly by the liver; although the other tissues 
possess some detoxifying action they act less promptly and less efficiently. 
Injected into the normal dog it disappears quickly from the blood, 
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being converted into non-toxic end-products which are eliminated by 
the kidneys. 


Some Synthetic Bocae, ,\N£*njmc» 
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with the addition of 0.5 cc. of a 1 : 1000 epinephrine solution to each 
10 cc. of the anesthetic solution. 

Butacaine (butyn) was introduced ns a substitute for cocaine for 
surface anesthesia, particularly for use in the eye, nose and throat. It 
is the dibutylaminopropyl ester of para-aminobcnzoic acid. It is more 
powerful than cocaine so that a smaller quantity is required, and its 
action is prompt and well sustained. It does not produce drying of the 
tissues nor does it dilate the pupil nor contract the blood-vessels. 

When injected hypodermically into animals butacaine is several times 
as toxic ns cocaine. It is thus unsuitable for injection or for spinal 
anesthesia. It is used principally in ophtlmlmologica! practice in the 
form of a 2 per cent solution. A single application produces, within 
one minute, anesthesia sufficient for minor manipulations while repeated 
instillations permit operation on the eye. 

Phenacaine, originally designated by the trade-name holocaine, is a 
derivative of phenetidin. It is more toxic than cocaine on subcutaneous 
injection find hence its use is limited to topical applications, particularly 
for instillation into the eye. It exerts a quicker action than cocaine, 
0.3 cc. of a 1 per cent solution being sufficient to induce anesthesia in 
one to ten minutes. 

Eucaine (betaeucaine, henzaminc), trimethvl-benzoyl-hydroxy-piper- 
idine, was the first important synthetic substitute for cocaine. 

Cocaine and eucaine resemble one another structurally in that both 
possess the grouping 

C.HiCOO-C-i-i-N 

I I I 

Tetracaine (pontocaine) differs from procaine in that one of the amino 
hydrogens of the aminobenzoate group is replaced by a buytl group 
and the two ethyl groups of procaine are replaced by two methyl groups.- 

Tostocalne resembles procaine In Its action but is more efficient when 
applied to mucous membranes so that it can be used in the eye, nose 
or throat. For the eye a 0.5 per cent solution is used and a 2 per cent 
in the nose or throat. Ten to 20 mg. in a 1 per cent solution is used for 
spinal anesthesia. For continuous caudal anesthesia 30 cc. of a 0.25 per 
cent solution is used initially with supplementary injections of 10 to 
20 cc. at intervals of forty to ninety minutes as required. _ 

Larocaine hydrochloride differs in structure from procaine in that it 
has a propanol group in place of the ethanol group with tw r o methyl 
groups attached thereto. It is an efficient anesthetic whether applied 
locally to the mucous membranes or injected. The anesthesia is pro- 
duced rapidly and is well sustained. A 2 to 5 per cent solution is used 
in the eye and a 5 to 10 per cent solution in the nose or throat. In 
urology, a 0.75 to 1 per cent solution is preferred. 

Larocaine is also used for conduction anesthesia in a. 0.25 to 2 per 
cont solution with the addition of epinephrine, when desired, just prior 
to administration. . 

Nupercaine (dibucaine), introduced as percaine, is 2-butyloxyquino- 
linecarboxylic acid-4-diethyIethylenediamide. It acts like cocaine when 
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applied to mucous surfaces and like either cocaine or procaine when 
injected. It is much more toxic than cocaine v. hen injected intravennudx 
into animals and is more active as nn anesthetic than either cocaine or 
procaine when Riven subcutaneously For infiltration anesthesia not 
more than 100 cc. of a 1 :2000 to 1 • 1000 solution with the addition of 
0.1 cc. of 1*1000 epinephrine per 100 cc. of solution, should U- u«ed. 
For spinal anesthesia, 7.5 to 10 mg. in 0.5 per cent solution and for sacral 
anesthesia, 25 to .35 cc. of a 0.1 per cent solution are u«tvl 

Metycaioe[(2«niethylpiperindino)-pn»p\ Jbcnzo.it r} prisdurrs local ancs- 
theria whether applied by injection or locally to mucous membranes. 
Its toxicity when it is injected subcutaneous)} is comparable t<> that 
of procaine, intravenously, it is about three times as toxic ns procaine 
It is more potent than procaine nnd is nho n good surface anesthetic. 
A 1 per cent solution is said to act more qut'rMi than a 1 per rent solu- 
tion of procaine, and the Anesthesia is more profound nnd more pro- 
longed. For use in tbr eje«2 per cent solution is used, while a 2 i«> Jo 
j>cr cent solution is u«cd in the throat or nose.® For infiltration, in small 
areas, a 05 to 1 per cent solution is used. For spinal ntuMltcMa 2 cc 
of a 10 per cent .solution «f met} came hydrochloride »s used. 

Ethyl aminobciuoate {benzacawc, oncsthr.* t«> and butyl atnicobenzotte 
(6» drain) belong to n group of local anesthetics which U*cau«e of their 
slight solubility are unsuitable for injection Titcir d<m absorption, 
on the other band, render* them Jess toxic nnd hence suitable for appliro- 
tioti to ulcers-, wounds and mucous surfaces Thcx induce less complete 
anesthesia than the soluble local anesthetics but it i< more lasting 
Hut} 1 and eth} 1 nniinobemonte are «s«l principally ns dusting poxxdcr* 
The combination of picric acid with butyl ainin«l»enroate (tun run 
picrate) is nho u««l for the treatment of burns, ulcer- and of hi r painful 
lesions of the skin. 

Among other local anesthetics included in Ww and Non-OHiml 
Hemcdic* mention max !*• made of alupln hydrochloride (atm drienmeh 
atnyUine hydrochloride (nmy Icsiinc). apothrslne hydrochloride, berjyl- 
mlcohol, diothane hydrochlonde, and tutoe&ine hydrochloride (hutaimn) 

Differing in chemical composition front am of the foregoing, muniim 
and many of the derivathes hate I torn found to pmv*. n local are«- 
thctic action, and of these Quinine-urea has i>ce» chiefly uvd for l!d« 
purjxjve. 

In comparing the adrimccs am! draw barks of the various local 
anesthetics, the chief points to lie considered are, the general toxicity 
on absorption, the power of producing local anrsf hr*i», the afro! to 
which the paralyse* of the tn-rt e-ends is at tender! by irritation or injur? 
of either cell* in the nejgMwvhood, and the local net Jon on the u-x ,J*. 
The solubility of the Mtb'tiwe is naturally nb<«nf importance, &' i* tl r 
jwiwVr of jy-iu trating the tissues. 

Tin* toxicity of a local awstWtic \arir» with the o to mil li-ol nnd 
with the method i*n*f rate of injection, and tl ett-firr. in a rornpiri'oti 
of the toxicit? of different Anesthetic*, tlo-c fartrr* ?.»\r to f*«* taleft 
into amount. For example, nv-airr is mo re than fixe times as tnir ns 
proeabte b\ *w!»n*tinwou* injection but lr*s tl an four times h> tntra* 
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venous injection. Tin's difference is partly due to the fact that procaine 
is destroyed by the liver, whereas cocaine is not. When given by sub- 
cutaneous injection, owing to slower absorption, time is given for 
destruction of procaine by the liver with a consequent diminution in 
its toxicity. In whatever way it is administered procaine is less poison- 
ous than cocaine, but if procaine be injected into the tissues and acci- 
dentally gains entrance into a vein, then its toxicity approximates more 
nearly to that of cocaine. For these reasons it is possible to give only 
an approximate comparison of the relative toxicities of the local anes- 
thetics. The toxic symptoms produced by them very closely resemble 
those produced by cocaine, but none of them have so far proved to give 
rise to habit formation. Some, however, have an irritant and devitalizing 
action on the tissues. Procaine is especially free from this. Cocaine 
alone causes a shrinkage of the tissues due to contraction of the vessels; 
butyn causes actual hyperemia. 

None of them penetrate mucous membranes so readily as cocaine, 
although some are quite^fficient when used in this manner. The effect 
of butacaine so applied is less lasting than that of cocaine and is often 
followed by pain. Nupcrcainc seems to penetrate mucous membranes 
well and its effect is prolonged. Procaine produces at best delayed and 
incomplete anesthesia when applied to mucous membranes and is 
seldom used for surface anesthesia. Most of them can lie sterilized by 
boiling, except cocaine, which is destroyed by prolonged boiling. 

The action of the local anesthetics is quantitatively modified to an 
important degree by simullancous vse of epinephrine. By locally con- 
tracting the vessels, epinephrine produces the following effects. It re- 
lieves local congestion and lessens hemorrhage, effects which arc some- 
times desirable. The contraction of the vessels also delays the absorp- 
tion of the local anesthetic. This allows longer time for excretion of the 
drug or for its destruction in the body and so diminishes its toxicity. 
By maintaining the concentration of the anesthetic at the point of 
application this not only prolongs the local anesthesia but renders this 
possible with a smaller quantity of the anesthetic. It must be remem- 
bered, however, that epinephrine, especially if it should gain entrance 
into a vein, is a very powerful poison, and it must be used with caution. 

Therapeutic Uses of the Local Anesthetics 

The therapeutic uses of cocaine and its allies are dependent on their 
anesthetic action. Because of its potential toxicity and tendency to 
addiction cocaine has been almost entirely superseded in therapeutics 
by other local anesthetics. One of the advantages of the substitutes 
for cocaine is that none of them seem liable to produce habit-formation. 
Only the general principles of local anesthesia can be discussed here. 

It will be convenient to discuss the various ways in which local anes- 
thetics are employed and to indicate which of them have been found 
most suitable for each purpose. The intravenous injection of procaine 
has also been advocated for serum sickness, intractable pruritus, acute 
cardiac anythin ias occurring during anesthesia, etc. 
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Surface Anesthesia. --When applied to a surface, local anesthetics can 
produce loss of sensation by their paralyzing action on afferent nerve- 
ends, provided that they can get access to these. They have little 
power to penetrate the unbroken skin; a 10 per cent ointment of cocaine 
produces only a slight dulling of sensation of the skin but no complete 
local anesthesia. For wounds and ulcers , where there is no horny epith- 
elium to oppose penetration, insoluble local anesthetics have occasion- 
ally been used, but they are liable to produce severe irritation, and even 
sloughing, and they must be used with the greatest care if at all. Soluble 
anesthetics are too easily absorbed and their action is too transient for 
this kind of use. 

Many of the local anesthetics penetrate mucous vicmbrancs readily, 
others do not. 

_ Cocaine is unrivalled in its power of penetrating the mucous mem- 
Erases; the hydrochloride is dissolved in 0.8 per cent sodium chloride 
solution, or better in Kinger’s solution, in order to Avoid the effects of 
water on the tissues. In ophthalmic surgery it was used very largely 
both during operation and to alleviate pain, and occasionally to con- 
strict the vessels of the iris in inflammatory conditions, but it lias been 
replaced in large part by superior substitutes such as butacaine. The 
anesthesia induced by cocaine is of short duration, generally setting in 
after five to seven minutes and passing off twenty to thirty minutes 
after the application of the drug. Occasionally cocaine, especially in 
strong solution, produces a certain amount of opacity of the cornea, 
and wounds heal less readily and irritant antiseptics are more dangerous 
with cocaine than u ithout it. This arises from the general toxic action 
of cocaine on living matter, which tends to lessen the resistance of the 
tissues with which it comes in contact. The usual explanation gi\en 
that cocaine paralyzes sensation in the cornea, and thus prevents the 
reflex winking which removes foreign bodies from the surface and keeps 
the eye moist, is obviously insufficient, as the anesthesia is of but short 
duration. The dilatation of the pupil produced by cocaine is much less 
complete than that under atropine and can only be taken advantage 
of in diagnosis by using a very dim light, as the pupil contracts in bright 
light almost to its normal size On the other hand, cocaine is loss injuri- 
ous in glaucoma and the dilatation can be removed nt once by the 
instillation of a few drops of pbysostigmine. Butacaine sulfate is a 
satisfactory substitute for cocaine in ophthalmologic practice awl is 
superior to cocaine in several respects. It produces no (hying of the 
tissues, no change in the size of the pupil, no ischemia and acts more 
rapidly nnd for a longer time with less danger of toxicity . It and er 
derivatives have displaced cocaine in Ophthalmol -1 " 

In the nose, throat and larvp^ r ~ ' i- 
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above 10 per cent or in a total quantity above 0,1 gram. Eucaine has 
also been painted or sprayed in 5 to 10 per cent solution but is less 
efficacious than cocaine. More recently nupercaine (percaine) has been 
used for producing surface anesthesia, and many authorities regard it 
as an efficient substitute for cocaine for this purpose. In the vrelhta, 
rectum and vagina, many cases of poisoning have arisen from urethral 
injection of cocaine (1. to 2 per cent) used either as an anesthetic or to 
relieve pain temporarily where trauma or stricture existed, so that it 
has been superseded for these purposes ,by less toxic local anesthetics 
such as alypin, butacaine, metycaine, etc. 

Terminal Anesthesia.— When cocaine is injected under the skin or 
under a raucous membrane, it produces local anesthesia by paralyzing 
the afferent nerve-ends or the terminal nerve fibrils. In this case absorp- 
tion may be rapid .and full opportunity is given for the drug to exer t 
jts general toxicity. Cocaine was originally used especially in combina- 
tion with epinephrine for this purpose, but it has been replaced by 
procaine and allied drugs! Procaine does not penetrate sufficiently well 
to be useful for surface anesthesia, but this lack of penetrating power 
does not affect its action when injected. When given with epinephrine 
its anesthetic action is sufficiently prolonged for most purposes and its 
toxicity is markedly reduced. For this form of anesthesia it is one of 
the safest and best of the local anesthetics. 

The local anesthesia produced by cocaine or procaine, even when 
epinephrine is added, does not last much over an hour at most. This 
is sufficient for many purposes but not for relieving pain after many 
operations. Especially in operations for hemorrhoids quinine-urea has 
been widely used, in concentrations of 0.5 to 1 per cent. This solution 
causes irritation and transient pain on injection, followed by local anes- 
thesia which may last for many hours or even several days. Quinine 
has little selective action on sensory nerves and the concentrations 
required to produce anesthesia have an injurious action on the tissues 
and may even produce necrosis. Quinine-urea has therefore to be used 
with care. 

For many years after its introduction as a local anesthetic in 18S4, 
the use of cocaine was practically limited to minor operations in the 
nose and throat and to ophthalmic surgery, few' general surgeons ven- 
turing on its application except in quite minor operations which required 
only a small incision and no manipulation; for this purpose cocaine was 
injected into the site of operation, but its place has been taken by less 
poisonous members of the group, which are equally efficacious when 
injected under the skin and are less likely to cause general poisoning. 
Within recent years, however, the use of local anesthesia has undergone 
a wide extension, so that almost all the major surgical operations have 
been performed under it, and it has now become a major branch of 
anesthesia. Occasionally partial local anesthesia is combined with the 
administration of small quantities of the volatile anesthetics or one of 
the barbiturates w'hich are insufficient to produce complete unconscious- 
ness, but cause a numbing of the sensation, which, together with the 
local action, permits of a painless operation. Premedication with 
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morphine or with some of the synthetic hj'pnotics or analgesics intensi- 
fies the local anesthetic action. At first, strong solutions were injected 
to prepare the way for the knife, each step forward in the operation 
being preceded by an injection to induce anesthesia of the layer of tissue 
to be incised. But this method, which was advocated by Bed us, is now 
scarcely used except for minor operations in which a single injection is 
sufficient. 

A more satisfactory method of local anesthesia for operative purposes 
was introduced by Schleich under the name of infiltration anesthesia. A 
large quantity, generally about 100 cc. of a solution containing 0.1 per 
cent of procaine, 0001 per cent of epinephrine, and 0.S per cent of 
sodium chloride is allowed to permeate the tissues through a fine hypo- 
dermic needle. Only very slight pressure is required and the whole of 
the surrounding structures become swollen and edematous and can be 
cut into without pain. Much of the fluid escapes through the incision 
and no symptoms of poisoning arise. 

Regional anesthesia consists in injecting a local anesthetic, c. g. t 
procaine in 2 per cent solution, into the immediate neighborhood of 
the nerve supplying the part to be operated on. Complete local anes- 
thesia is obtained, and shock is less liable to occur than when general 
anesthesia is induced. T' ’ *' 

tions on the foot and hr ‘ 

be adapted to other par 

tion and regional anesthesia may be augmented and the danger of 
general poisoning lessened by retarding the circulation in the part to 
be operated on. This may be done by applying an Esmarch bandage 
above it when a limb is involved, but the best results arc obtained by 
using a solution of epinephrine along with the anesthetic. 

Another method of inducing anesthesia in a limb is by means of 
venous injection. The limb is emptied of blood by elevation and bandag- 
ing and a tourniquet is applied above the point where the injection is 
to be made; the anesthetic is now injected under some pressure into a 
superficial vein peripheral to the tourniquet and quickly penetrates by 
diffusion throughout the veins of the limb, paralyzing sensation wherc- 
evt-r it reaches. After the operation the tourniquet is slowly loos- 
ened and the anesthesia disappears with the .anemia. The same strength 
of solution is used as for infiltration anesthesia, and the quantity is too 
small to have any effect when it reaches the general tissues. Intra- 
arterial injection has also been employed in the same way in bloodless 
limbs. These procedures arc rarely used today. 

Spinal Anesthesia.— After it was found that the nerve impulses from 
the periphery to the central nervous system could be blocked by the 
injection of cocaine into the peripheral nerves, the next step was to 
obstruct them higher in their course by applying it to the spinal roots 
(subarachnoid or inlraspinnl anesthesia) The first to attempt this was 
Corning of New York, but the development of the procedure is due to 
Bier and Tuffier. A long, hollow needle was passed into the spinal canal 
between the lamlnre of the lumbar vertebra: and 1 cc. of a 2 per cent 
solution of cocaine hydrochloride was injected after the withdrawal of 
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an equivalent amount of cerebrospinal fluid. The actual amount of 
cocaine injected was thus 0.02 gram. Under cocaine, accidents were so 
numerous that the method was abandoned by conservative surgeons 
until it received a new lease when procaine was substituted for cocaine. 
Its use today is very common. Within a few minutes numbness begins, 
generally in the feet at first, but sometimes in the lower part of the 
trunk; it spreads upward rapidly until sensibility to pain is lost every- 
where below the diaphragm and sometimes in the thorax; in some cases 
even the head has been found anesthetized. The sensations induced 
by warmth and cold are less quickly affected, touch is preserved to 
some extent and the limbs can be moved readily, though the move- 
ments are carried out more slowly than usual; the consciousness is 
unimpaired. This condition lasts from one-half hour to one hour and 
then sensation returns gradually. In the beginning of the action some 
muscular twitching is often seen, and the muscles are never as relaxed 
as they are under chloroform or ether. Vomiting occurs in a certain 
proportion of cases either during or after the operation, and persistent 
headache is often present. A more dangerous effect is the onset of col- 
lapse with very low blood-pressure and all the symptoms of cerebral 
anemia. This not infrequently fatal accident is attributed to the anes- 
thetic paralyzing the vasomotor roots of the splanchnic nerves within 
the spinal canal (Smith and Porter). The anesthesia from the intra- 
spinal injection arises from action on the posterior nerve roots and 
not on the cord itself. The cerebrospinal fluid has been found to con- 
tain a large number of polynuclear leucocytes after the injection and 
resumes its normal limpid character only after several days. This 
method of anesthesia has been used in a large number of operations, 
some of them of the gravest nature. For spinal anesthesia, procaine, 
tetracaine, nuper caine, etc., are most widely used. 

Of these methods, Schleich’s infiltration has been most widely adopted 
and is admirably suited for minor operations. It is the safest method 
available for most of these, for the amount of anesthetic injected is 
not sufficient to induce poisonous symptoms, and much of this escapes 
by the incision. It requires some experience to induce complete insen- 
sibility to pain by this method and the operation has to be interrupted 
at intervals to permit of further injections. Some headache and nausea 
are occasional sequelte. When general anesthesia is contraindicated, 
infiltration may be adopted in major operations, while on the other 
hand it is often contraindicated in minor operations where there is any 
possibility of complications, or where the anxiety and nervousness of 
the patient are likely to interfere with the proceedings. Perhaps to a 
greater extent than with other methods of anesthesia, the safety and 
efficiency of spinal anesthesia depends upon the skill and experience of 
the anesthetist. It is usually recommended when special circumstances 
contraindicate the general anesthetics, and operation is imperative. 
Persistent and severe headaches occur occasionally after spinal anes- 
thesia, and nausea is not uncommon. Fall of blood-pressure is frequent, 
for which some advocate ephedrine or epinephrine. More rarely serious 
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circulatory or respiratory failure occurs during spina! anesthesia, in 
some cases at least apparently due to idiosyncrasy. 

Caudal Anesthesia. —This form of anesthesia has been popularized 
during recent years particularly in obstetric practice. Cauda! anesthesia 
ia a form of regional anesthesia induced by injecting a local anesthetic 
into the epidural space through a needle inserted into the caudal canal. 
It should not be confused with spinal anesthesia in which the injection 
is made into the subarachnoid space. Repeated intermittent administra- 
tion of small doses of the anesthetic allows a painless parturition with- 
out interfering with the consciousness of the patient or normal con- 
tractions of the uterus. 

Although introduced originally by Hingson and Edwards for me in 
obstetrics, continuous caudal nnesthesia has nbo been employed for 
operations involving the pelvis, perineum, and genital organs. Cure 
must be taken to insure that the needle is imerted into the caudal canal 
and not in the subarachnoid space. A continuous drip of procaine, 
tetracaine, etc., is preferred to their intermittent injection. 

Caudal or epidural anesthesia has the advantage over spina! nnesthesia 
in that the anesthetic docs not base direct access to the .spinal cord and 
medullary centers. It, therefore, docs not nfTect the motor nmes of 
the respiratory muscles or the blood-press urc ami is less likely to cause 
undesirable symptoms. The application of epidural anesthesia requires 
experience, skill, and constant attention. 

Physical Methods.— Various pliysical methods are nbo u-cd to obtain 
local anesthesia. 'Hie use of n spray of ethyl chloride has already lni*n 
referred to on page 291 . Refrigeration of an extremity with the applica- 
tion of a tourniquet is used especially for amputations, fn this prtw 
cedurc ice bags arc applied for n!>out twenty minutes to reduce H'U-i- 
tivity of the limb (arm or thigh). A tourniquet suflieient to shut off 
the blood and lymph supply is then applied (ilioiit 0 inches alnnc the 
site of the proposed incision. The limb is then completely surrounded 
by ice and covered with a rubl>er sheet. Anesthesia occurs in nlmut 
two and one-half hours and lasts for trixnit one hour. Hie ire is then 
removed and the amputation jier/oraicd Following Mirpm , ia* bags 
are applied to the stump for forty-eight hmir>, a procedure wbhh pre- 
vents postoperative pain and edema. Advantage claimed for this ts |>*- 
of anesthesia are prevention of emlmlu* and thrombus formation, 
(Ifcffafd infection, lack of postoperative olein a and pain in the stump. 
I’reojwrativp medication is generally not oeei~«ar% but i< of salne in 
lessening the nppnrhcarion of the patient in the o jurat i»g room. 

Pr.tr*rano\s 

CPP 

Coc 4 J<u. an alkaloid (C«tHrG«X) obtained from the lr*\e* of Kntl tmsho 
eoe.s and other apefir* of Kr> thro*} Jon, fo*rn;r.R eel emtal* with a 1 »tte? 
taste followed by Bumlmrw, almost tn«rlal*V m water. 5 e n *!<-« VJ 

CocAtK.t llnmocnnorjpru tr„l! f O.NHn). rol ^Wi <ry»t*I* srnr n-hd V 
m water and alcohol. prolan jrM bailors of watery aol its«f;» (au*es tl e alls* 
to de cxsnfswe. 
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Butacaina: Sulfas, butacaine sulfate, a white powder, soluble in water. 
Butylis Aminobenzoas (Butesin), a slightly soluble compound used as a 
dusting powder. 

^Ethylis Aminobenzoas (Benzocaine, Anssthesine), used as a dusting powder. 
Unguentum jEthylis Aminoben 2 oatis, a 5 per cent ointment. 

Eucaiile Hydrochloridum, colorless crystals, soluble 1 in 30 of water. 
Phenacaina: Hydrochloridum (Holocaine), small colorless crystals,' soluble 

1 in 50 of water, freely soluble in alcohol. 

Procaine Hydrochloridum (Novocaine), colorless crystals, freely soluble 
in water. 

Tetracaine Hydrochloridum (Pontocaine), a white powder, very soluble 
in water. 

Quinina: et Urea: Hydrochloridum, colorless crystals freely soluble in 
water. 

B. P. 

Cocaina, methyl benzoylecgonine, an alkaloid obtained from the leaves of 
Erythroxylum coca and other species of Erythroxylum, or by synthesis from 
ecgonine. Dose, 0.008 to 0.016 gram. 

Cocaina: Hydrochloridum. Dose as of Cocaina. 

Lamella Cocaina:, each contains 1.3 mg. of the hydrochloride. 

Oculentum Cocaina:, 0.25 per cent. 

Trochibcus KitAMERi.fi et Cocaina: (3 mg. of the hydrochloride in each 
lozenge). 

Amethocaina: Hydrochloridum, amethocaine hydrochloride, tetracaine 
hydrochloride, a white, crystalline powder, very soluble in water. 

Amylocaina: Hydrochloridum (Stovaine), colorless crystals, freely soluble 
in water. Doses, by mouth and by subcutaneous injection, 0.02 to 0.05 gram; 
by intrathecal injection, 0.02 to 0.1 gram. 

Benzocaina, Amesthesine, a white crystalline powder, soluble 1 in 2,500 of 
water. Dose, 0.3 to 0.6 gram. 

Orthocaina, Orthoforin-new, a white crystalline powder, sparingly soluble 
in water. Dose, 0.1 to 0.2 gram. 

Procaina: Hydrochloridum (Novocaine). Dose, 0.03 to 0.12 gram. By 
subcutaneous injection up to 1 gram, by intrathecal injection up to 0.15 gram. 

Injectio Procaina: et Adrenalina: Mitis (B. P.), weak injection of pro- 
caine and adrenaline. This is prepared prior to use by mixing a sterile 2 per 

' . *■ ‘ ' * T At - — :t r. — „ of physio- 

* • * • 1,000 mil. 

Injectio Procaina: et Adrenalina: Fortis (B. P.). strong injection of 
procaine and adrenaline, contains procaine hydrochloride, 2 gram; sodium 
chloride, 0.5 gram; chlorocresol, 0.1 gram; solution of adrenaline hydrochloride, 

2 mil.; sodium metabisulphite, 0 1 gram and freshly prepared distilled water 
sufficient to produce 100 mil. 
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D. CURARE GROUP 
I. CURARE 

Curare (curarn, woorara, urari or woorali) is an arrow poison used 
by the natives of South America, who prepare it by extracting the bark 
of plants of the genus Strychnos, such as S. toxifera. It is obtained 
mostly from the upper regions of the Amazon and the eastern slopes 
of the Ecuadorian plateau. The natives {irtparc an infusion which they 
concentrate to a syrup and package in gourds ( calabash curare), bamboo 
tubes (tubocurarc), or clay pots {pot curare). The mast important active 
principle present in curare lias the formula Ca»H*,0*Nj and has been 
designated as d-tubocurarine (King). There is also present in the extract 
a related substance, c urine (Cj«ffj S OsN t ) which has only a weak curari- 
form action on the nervous system but exerts other actions on the heart, 
blood-vessels and central nervous system Other related compounds 
present in crude curare are curarine, protocurarine, protocurine and 
protocuridme. Of these only protocurarine (CuUbOzN) has a strong 
curare-hke action (Boehm). 

Action.— The chief effect of curare is the arrest of all voluntary move- 
ments through an interruption of the connections between the peripheral 
nerves and the striated muscle fibers. In the mammal, the muscles give 
way one after the other until the animal lies helpless on the ground. 
It can still move its limbs, but cannot recover its ordinary position, 
and soon the limbs become totally paralyzed and the respiratory move- 
ments alone persist, although they too arc slow, weak and jerky. Even- 
tually the respiration ceases also, and asphyxia follows but is not betrayed 
by the usual convulsions owing to the motor impulses being unable to 
reach the muscles. The heart soon fails from the asphyxia and not 
through the direct action of the poison. 

In the frog similar symptoms arc seen, but here the arrest of the 
respiration is not necessarily fatal, as the skin carries on the exchange 
of ga^es, and recovery not infrequently occurs after two or even five 
day's of complete paralysis- The cause of the curare paralysis was 
demonstrated by the classical researches of Claude Bernard and KSJ- 
likcr If the sciatic nerve of the frog be stimulated during the paralysis, 
no movement follows, but if the artery* of one leg be ligatured before 
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the application of the poison, this limb remains unparalyzed and reacts 
to reflex irritation, while the rest of the body is perfectly motionless. 
These facts can be interpreted only in one way; the paralysis is periph- 
eral and not central, and may, therefore, be due to action either on 
the muscle, the nerve trunks, or the intermediate structures. That it 
is not due to the muscle is shown by the fact that direct stimulation 
causes the same movement as usual. On the other hand, in the experi- 
ment in which the artery is ligatured, stimulation of the nerves above 
the ligature, that is, where the poison lias access to the nerve fibers, 
causes contraction, so that the nerve trunks do not seem affected. This 
may be shown in another way; if a nerve-muscle preparation be made, 
and the nerve be laid in a solution of curare, contraction of the muscle 
still occurs on stimulation of the nerve, but if the muscle be laid- in the 
curare solution stimulation of the nerve lias no effect, while direct 
stimulation still causes contraction. Curare, therefore, acts on the 
connection between the nerve and muscle within the muscle itself and 
paralyzes it without previous stimulation. 

Action on Nerve-ends.— Since the investigations of Bernard and ICol- 
iiker, the action of curare lias been known to be peripheral, and it was 
for a long time assumed that it could be localized in the hypothetical 
structure known as the motor end-plates. However, the action of 
nicotine on the muscles is opposed by curare, not only in normal muscles, 
but also in those in which the nerves and nerve-endings have degenerated 
through section. The action of curare here must be exerted, not on 
any end-plate, but on some undegenerated substance, which has been 
termed the myoneural junction and which normally serves to transfer 
the nerve impulse by means of a chemical intermediary substance, from 
the nerve-plate to the actual contractile substance of the muscle. 

Although the condition of “paralysis” produced by these poisons is 
superficially analogous to that termed by physiologists “fatigue,” the 
two conditions are fundamentally different. Thus neostigmine and 
acetylcholine increase the response of curarized muscle to indirect 
stimulation but lessen the response of normal and fatigued muscles. 
Epinephrine also is more effective as a decurarizing agent than it is 
against fatigue (Rosenblueth, ct al.). 

If acetylcholine is the chemical mediator between the nerve impulse and 
the skeletal muscle, then it is possible to explain the action of curare as being 
due either to an impairment of acetylcholine production or to its preventing 
the action of the acetylcholine upon the muscle. The decurarizing agents such 
as 
the 

chemical would raise its concentration and thus overcome the block. Physostig- 
mine on the other hand might accomplish the same end by preventing the 
destruction of the acetylcholine and thus secure a supply sufficient to overcome 
the block. 

Curare acts first on the nerves of the toes, ears and eyes, later on those 
supplying the limbs, head and neck, and, last of all, those supplying 
the muscles of respiration. At first slight movements can be performed, 
because single impulses can pass through the nerve-ends, but sustained 
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contractions such as are necessary to preserve the equilibrium, cannot 
be maintained, and the animal therefore cannot support itself. The 
intermittent impulses to the respiratory muscles still allow time in the 
interval for the recovery of the terminations, but as the intoxication 
proceeds the number of impulses which can pass through becomes 
fewer and fewer, and the movement therefore assumes more and more 
the character of a jerk and eventually ceases. 

Small doses do not affect the innervation of unstriped muscle, and 
the strict demarcation of its action is seen very distinctly in organs 
which consist partly of striated and partly of unstriated fibers. Thus 
in the esophagus, the striated muscle fibers no longer contract on stimu- 
lation of the vagus after curare, while the unstriated continue to respond 
as usual. In the iris of the mammals, which consists of unstriated 
muscle, curare has no effect, while the striated muscle of the bird’s 
iris ceases to respond to stimulation of the motor oculi, but contracts 
on direct stimulation. The terminations of the nerves in the heart are 
not affected, but the nerves of the lymph hearts of the frog are paralyzed. 
The nerve-ends in striated muscle in invertebrates appear to be immune 
to curare (Straub). The nerve fibers seem unaffected by curar<$ for 
stimulation causes the usual electrical changes in them. 

The Autonomic Sympathetic Ganglia are paralyzed by large doses, and 
stimulation of the preganglionic nerve fiber has no effect, nor does 
injected acetylcholine affect the ganglia after curare although in the 
intact animal acetylcholine still stimulates the postganglionic endings. 
For example, stimulation of the vagus does not slow the heart, and 
stimulation of the chorda tympani does not cause secretion, because the 
impulses fail to pass the ganglia on their course. The terminations of 
the postganglionic fibers are apparently not affected, for stimulation 
beyond the ganglia has its usual effect. 

The peripheral terminations of the afferent or sensory nerves seem 
unaffected, for if the artery of one leg be ligatured before the applica- 
tion of curare, reflex movements may be obtained in it from stimulation 
of any part of the body, while if the sensory terminations w ere paralyzed, 
reflexes could be elicited only by the irritation of parts to which the 
poison had not penetrated, i. e., from the ligatured leg. 

The central nervous system is stimulated by large quantities of 
curare, and when it is applied directly to the brain and cord without 
reaching the muscles, it causes violent spasms (McGuigan), which 
appear to resemble those of the picrotoxin series rather than those 
induced by strychnine The heart is not directly affected, but large 
quantities may paralyze the vagus ganglia and release the heart from 
inhibition. At the same time th-c blood-pressure may fall from paralysis 
of the ganglia on the vasoconstrictor nerves. The movements of the 
intestine, spleen and other organs are sometimes accelerated through a 
similar paralysis of the ganglia on inhibitory nerves. 

Metabolism.— The cessation of the ordinary zno\ craents after curare 
and under artificial respiration naturally reduces the metabolism, but if 
the temperature is kept up by the external application of heat, the tissue 
change is not arrested in the muscles, and the COi excretion and 0 4 
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absorption arc only slightly lower than those of the unpoisoned animal 
at rest. Sugar and lactic acid are often found in the urine after curare, 
but this is due to partial asphyxia and not to the direct action of the 
poison; the glycogen of the liver and muscles disappears from the same 
cause. 

Curare is excreted by the kidneys apparently unchanged. It has 
long been known that this arrow poison may be swallowed with impu- 
nity, provided there is no wounded surface in the mouth or throat, and 
that it is therefore perfectly safe to suck the poison from a wound. 
This has been explained by assuming that the absorption from the 
stomach is so slow that the kidneys are able to excrete. the poison as 
fast as it reaches the blood and that this prevents its accumulating in 
sufficient quantity to affect the tissues. 

The characteristic action of curare on the myoneural junction in 
striated muscle is antagonized to some extent by physostigmine, nicotine, 
and particularly by neostigmine which is the best antidote for clinical 
use. The paralyzing effect of curare on the isolated muscle of the toad 
is also largely inhibited by the addition of calcium to the Ringer solu- 
tion? or in case paralysis had taken place it is almost completely 
removed by the use of calcium (Feng). 

Potassium, too, has been shown by Wilson and Wright to exert an 
anti-curarc effect although the antagonistic action is of a somewhat 
temporary character. Like neostigmine, potassium has little effect upon 
the fatigued muscle, thus indicating again that there must be a funda- 
mental difference between a fatigued and a curarized muscle. 

Therapeutic Uses. —The muscular paralysis produced by curare early 
suggested its use in convulsive conditions such as tetanus, tetany, 
strychnine poisoning, etc. The possibility of its therapeutic use depends 
largely upon whether an adequate degree of muscular relaxation can be 
obtained without arrest of respiration, and therapeutic experiments 
have been hampered by the difficulty of obtaining reliable preparations 
of curare, or of its active principles. This has been made possible by 
the introduction of intocostrin to be discussed next. 

INTOCOSTRIN 

Intocostrin, a preparation containing the therapeutically desirable 
constituents of curare, has recently been introduced into therapeutics 
and. has found several fields of application. It is prepared from the 
bark and stems of Chondodendron tomentosum and assayed on rabbits 
by noting the dose required to make it impossible for the animal to 
raise its head. The provisional unit is equivalent to the potency of 
0.15 mg. of d-tubocurarine chloride. Intocostrin has been used in the 
shock therapy of mental disorders to reduce the severity of the con- 
vulsions which often cause fractures of the spine. It has also been used 
in conditions of spasm, tremor, athetosis, and rigidity of voluntary 
muscles in certain neurologic conditions and in the diagnosis of myas- 
thenia gravis. Its most important use has been as an adjuvant to anes- 
thesia to increase muscular relaxation and thus allow the amount of 
anesthetic and the depth of anesthesia to be decreased (cf. page 309). 
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When used in shock therapy intocostrin is administered in doses of 
0.5 unit per pound of body weight intravenously. In spastic and athetoid 
states 0.5 to 1.5 units per pound of body weight is administered intra- 
muscularly at four day intervals. As a diagnostic agent in myasthenia 
gravis, about one-tenth of the average dose is administered intravenously 
followed m two to three minutes by sn intravenous injection of 1.5 mg. 
of neostigmine methylsulfate and 0.65 mg. of atropine sulfate. As an 
adjuvant in anesthesia 40 to 60 units are administered when the skin 
incision is made with the addition of 20 to 30 units later if needed. 

In case of failure of the respiration, 2 cc. of a 1:2000 solution of 
neostigmine is injected intravenously and artificial respiration insti- 
tuted until the curare effect has diminished. 
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OTHER CUR ARIZING DRUGS 

Paralysis of the terminations of the motor nerves in striated muscle 
—the so-called "Curare- Action"— is elicited by a large number of 
poisons, but in few of them is it the first effect of their application. 
Many drugs induce it only when injected in large quantities and at the 
end of a series of phenomena produced by their action on other parts 
of the body; it is observed much more frequently in frogs than in mam- 
mals, and is often of little importance compared to the other symptoms. 
Among the bodies which resemble curare more closely in their action, 
the peripheral paralysis playing the chief rdlc in their effects, are the 
ammonium compounds formed from the natural alkaloids by the sub- 
stitution of an alkyl, e. g , methylstrychninc, omylquimne, etc. Some 
of the ammonium salts and many of the alkyl combinations of ammo- 
nium, phosphorus, arsenic and of several metals, also cause it. The tetra- 
ethyl ammonium salts have a much weaker curariforra action than the 
tetramethyl compounds, and unlike the latter produce an initial increase 
in excitability accompanied by fibrillary twitches. Of greater practical 
importance is the fact that the venom of the Cobra and of other colubrine 
snakes bas the same point of action as curare, from which it differs in 
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the slowness of its action and the tenacity with which it holds the nerve 
ends. The toxin of botulism, a form of food poisoning, has also been 
shown to paralyze nerve terminations. 

Coniine.— A series of alkaloids may be formed from piperidine by 
substituting methyl, ethyl, propyl or other alkyls for hydrogen, and 
one of these, propyl-piperidine, is the natural alkaloid coniine and was 
the first alkaloid to be formed synthetically. 



Pyridine Piperidine Coniine 

Coniine is found in Hemlock (Conium maculatum), along with two nearly 


coniine arc weakness, languor and drowsiness which does not pass into actual 
sleep. The movements are weak and unsteady, the gait is staggering, and 
nausea and vomiting generally set in, along with profuse salivation. In most 
cases the intelligence remains clear to the end, as is related of the death of 
Socrates from hemlock poisoning, but in some instances imperfect vision and 
hearing have been noted. The pupils arc somewhat dilated. Tremors and 
fibrillary contractions of the muscles arc often seen in animals, and some ob- 
servers state that actual convulsions occur. The breathing becomes weaker 
and slower and death occurs from its arrest. 

Gelsemium.— Gelsemium sempervirens (Yellow Jasmine or Carolina Jasmine) 
contains several alkaloids which have not yet been fully separated and identi- 
fied. .*. ' »~:j — i — CjoHnOiNj, is inactive in mammals but 

produ ' • ■ . ' frops. "Gclseminme,” an amorphous 

alkalo • * ' ’ ’* ' *" * ’ n " ,< 

believed to be the i . ■ . ■ • - 

alkaloids, to which 

given. Chou has i . '. u ' ■’ r * ‘ * ' 

mammals, and he considers that the poisonous nature of gelsemium is due to 
the presence of gelsemicine, sempervirine and possibly other amorphous bases. 

. *•*•*••• -» -«."«« in 

. . ... ■ ■ IS- 


rms crystalline salts, 
e are almost identical with those of 
the central nervous system is little 
affected by it, the whole of the phenomena pointing to a paralysis of the motor 
nerve terminations and of the sympathetic ganglia. Sparteine has more effect 
than coniine on the heart, which it depresses, so that the rhythm is slow ana 
the contractions weak. 
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E. SUBSTANCES ACTING ON THE AUTONOMIC 
NERVOUS SYSTEM 

I. NICOTINE GROUP 

Nicotine, the well-known alkaloid of tobacco ( Nicotiana tabacum), 
is a volatile fluid, possessing a strong alkaline reaction, and forming 
salts with acids, most of which are amorphous. It is a combination of 
pyridine with methylpyrrolidine as shown in the accompanying formula*.* 



Nicotine Nomicotine Anabasine 


Nicotine is the only constituent of tobacco which possesses any 
toxicological interest, although several other alkaloids are present in 
comparatively small amounts It is accompanied by a volatile oil in 
dried tobacco, but this is only developed during the processes of prepara- 
tion and seems to have no action apart from that of the other volatile 
oils. The odor and flavor, and probably the “strength," of tobacco 
depend in part upon the quantity and quality of this oil, in part on 
some products of the decomposition of nicotine. Absolutely pure 
nicotine has comparatively little odor, but it decomposes when kept, 
becomes dark colored, and acquires the characteristic odor of tobacco. 
Naturally occurring nicotine is levorotatory and is twice as active 
biologically as the synthetic dextrorotatory product. 

The pituri plant (Dvboisia Hopuoodii), the leaves of which are used by the 
Australian natives in the same wav as tobacco by the civilized races, contains 
as its chief alkaloid nomicotine, which has similar actions to nicotine which it 
resembles in structure, lacking only the methyl group in the pyrrolidine nucleus 
which h replaced by a hydrogen atom Anobanne, with actions similar to 
nicotine but weaker, has been isolated from Anahasts aphylla (Chenopodiaciffl), 
a native of Central Asia. It consists of a piperidine ring in combination with 
pyridine Lobelia inflata, or Indian tobacco, contains several alkaloids, one of 
which, Lcbthne, resembles nicotine ia many of its actions Cytisine (C„H,*N»0) r 
the alkaloid of laburnum (Cytisus laburnum), gorse and other plants, also 
resembles nicotine very closely in action A congener of cvstisinc, called Ana- 
gynne, has been isolated from Anapyris fcctida. Another body with the same 
type of action Is the artificial quaternary ammonium base, Methylhordenine. 
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Symptoms.— Poisonous doses administered to man or other mammals 
cause a hot, burning sensation in the mouth, which spreads down the 
esophagus to the stomach, and is followed by salivation, nausea, vomit- 
ing, and sometimes purging. The breathing is quick, deep and labored, 
and is often accompanied by moist rules. The pulse is generally slow 
and sometimes weak at first, and then becomes very rapid, but after 
very large doses may be first accelerated and then slow and feeble. 
Some mental confusion, great muscular weakness, giddiness and rest- 
lessness are followed by loss of coordinating pmver and partial or com - 
. plctc unconsciousness. Clonic convulsions set in later, accompanied by 
fibrillary twitching of various muscles, and eventually a tetanic spasm 
closes the scene by arresting the respiration. In other instances the 
convulsions arc followed by collapse with complete relaxation of the 
muscles, the reflexes disappear, the respiration becomes slow and weak 
and finally ceases, the heart continuing to beat for some time afterwards. 
Very large doses of nicotine may prove fatal within a few seconds; the 
symptoms are those of sudden paralysis of the central nervous system, 
including the respiratory center, and no convulsions arc developed. 
Nicotine is about as poisonous as hydrocyanic acid. 

In the frog the same excitement and violent convulsions arc seen 
as in mammals, but the respiration soon ceases, and there follows a 
“cataleptic" stage in which the animal assumes a characteristic attitude. 
The fore- legs are crossed in front of the sternum and are rigid, the 
thighs are at right angles to the axis of the body and the legs are flexed 
on them but nrc not rigid. Wien a leg is drawn down it at once returns 
to its original position, and the frog still attempts to escape when it is 
aroused. Fibrillary contractions are observed in many of the muscles. 
Somewhat later, the reflexes disappear, the muscles become flaccid, and 
eventually complete paralysis occurs from a peripheral, curare-like 
action. 

Nicotine has but little toxic action on the lowest invertebrates, but 
as the nervous system begins to be differentiated it causes paralysis, 
and still higher in the scale the paralytic action is preceded by a stage 
of stimulation. . ' , . 

In the treatment of nicotine poisoning, artificial respiration should be 
instituted since death occurs usually as a result of failure of respiration 
due to paralysis of the respiratory muscles. 

Actions.— -The actions of nicotine are very complicated, for it has at 
least three sites of action, on each of which it produces a primary 
stimulation followed by paralysis. These sites arei^ the central nervous 
system, all autonomic ganglia, and the nerve-ends in voluntary muscle. 
Nicotine may, for example, affect the circulation through the vaso- 
motor and vagus centers as well as through the sympathetic and para- 
sympathetic ganglia, in each case with the possibility of stimulation 
and paralysis. The resultant effect on the heart-rate and blood-pressure 
will, therefore, vary with the dose. It is modified also by the species 
of animal, the anesthetic used, and the integrity' of the central nervous 

The action on autonomic ganglia, especially the paralyzing effect of 
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large doses, is often referred to as a nicotine action. After such a dose, 
stimulation of a preganglionic fiber fails to produce the usual action, as 
the path of the stimulus through the ganglion is interrupted. Stimula- 
tion of the postganglionic fiber by chemical or electrical stimulus will, 
however, still produce the characteristic effect. Nicotine acts in this 
way on all autonomic ganglia that have been investigated. 



Fia 32.— Diagram of th« regulating nerves of the heart. P, inhibitory parasympathetic 
Ebert (vagus), terminating around ganglion celts In tho amide (A). The Mis cylinder* 
issuing from these cells terminate on the muscular fiber* of the auricle and sentnefo (V), 
ft, accelerator sympathetic fiber* terminating around ganglion cells m the stellate ganglion 
G The atis fiber* of these ganglion cells run through the Annufii* Ktcvumu and terminate 
on the muscular fibers of the auricle and ventricle »Y. A" points at which moofine, coniine, 
curanne, etc., net— the ganglion cells surrounded by the terminations of the nerves. M, 
points at which muscarine and atropi ne act— the terminations of the post ganglionic fibers 
which mims from the Intra cardiac gingha on the parasympathetic path. point* at 
which <p\nepfinne acts — the myoneural junction on the sympathetic path. 

The fiction of nicotine on the ganglion cells made it possible for 
1-angloy in his classic experiments to differentiate those time fibers 
wlticli pass through n pit on ganglion without \v napsing from those in 
which the preganglionic fibers end in n ajnnpsc within the ganglion. 
It is only the latter which «rc affect oil by nicotine Hence, if the applica- 
tion of nicotine to a ganglion blocked an impulse, it could be assumed 
that the fdicr carrying this impulse bad a synapse in the ganglion. 
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Nicotine in first exciting and then paralyzing the ganglia does not 
affect the release of the chemical mediator (acetylcholine) at the cholin- 
ergic (preganglionic) nerve ending but exerts its action directly on the 
ganglion cells. 

The fact that nicotine exerts both stimulating and paralyzing actions 
at multiple sites renders the pharmacological effects which follow its 
administration complex and variable^ 

Circulation.— The action on the circulation is extremely complex, as 
a number of factors are involved. After moderate quantities the heart 
is slow and may stand still in diastole for a few seconds, but then recovers 
gradually and regains its former rhythm or becomes somewhat quicker. 
The slow pulse is due to stimulation of the ganglia on the vagus nerve 
(Fig. 32, N), exactly the same effects being produced as by stimulation 
of the vagus fibers in the neck. It is not affected by section of the 
cervical pneumogastric, as the path from the ganglia to the cardiac 
muscle fibers is still intact, but on the other hand, it is prevented by 
atropine, which paralyzes the terminations of the postganglionic fibers, 
and therefore blocks the passage of impulses from the ganglia to the 
muscle. It is also prevented by a number of drugs, such as curare and 
coniine, which paralyze the ganglia. 

This stimulation of the ganglia is of short duration, soon passing 
into paralysis, so that on stimulating the vagus after nicotine there is 
no slowing of the heart but often some acceleration, due to the fact 
that the accelerating fibers running along with the inhibitory in the 
vagus nerve are postganglionic fibers to the heart, and are therefore 
unaffected by nicotine. Although inhibitory impulses can no longer 
reach the heart from above, stimulation of the venous sinus in the frog 

still causes arrest of ’ '■ '* 1 *’• ; * t here reaches 

the inhibitory nerve ; ■ ■ ■ . ■. 32, A*), and 

these preserve their : y muscarine, 

which acts upon the postganglionic inhibitory terminations in the heart 
muscle (Fig. 32, M), can slow the rhythm even after the ganglia have 
been paralyzed by nicotine. 

In addition to its action on the peripheral inhibitory ganglia, nicotine 
seems to stimulate the vagus center in the medulla, as the slowing. is 
greater when the vagi are intact than when they are divided. But 
apart from this action on the inhibitory apparatus, nicotine also at first 
stimulates the ganglia on the accelerator fibers, so that when the inhibi-* 
tory mechanism has been put out of action by atropine, moderate 
quantities of nicotine increase the rate. Larger amounts paralyze the 
accelerator ganglia ( N', Fig. 32) and thus tend to slow the heart. . A 
further action is said to be exercised on the heart muscle itself, which 
is first stimulated and then depressed (Wertheimer). 


lation of the vasoconstrictor center in the medulla, m pan iu 
of the ganglia on the course of the vasoconstrictor nerves. 


The constriction of the vessels can be observed in many parts of the body-- 
mesentery, foot, rabbit’s ear, etc. In these parts the pallor produced by me 
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and in many individuals in an increase in blood-pressure. The electro- 
cardiogram may reveal a depression or inversion of the T wave. 

Respiration.— The respiration is at first rapid and shallow with some 
deficiency in the expiratory movements, but after a time, while main- 
taining the acceleration, it becomes deeper. It is liable to be inter- 
rupted at this stage by the convulsions, but if these do not prove fatal, 
it gradually becomes slower while remaining deep. Later, pauses in the 
position of expiration appear, and the movements become weaker until 
they disappear, the animal dying of asphyxia. The respiratory center 
is first stimulated and then depressed and its failure has been believed 
to be the cause of death, the heart continuing to beat for some time 
afterwards, although slowly and weakly. The failure of the respiration 
is not always a result of paralysis of the respiratory center for impulses 
are still being transmitted through the phrenic nerve after respiratory 
movements have ceased. However, the curare-like action of the nicotine 
on the nei ve endings in the diaphragm prevents the respiratory muscles 
from responding (Gold and Modell). 

The bronchial inusclc relaxes after a transient constriction wlien 
nicotine or lobeline is injected, these changes being brought about by 
stimulation of the ganglia on the course of the vagus fibers which cause 
contraction of the bronchial muscle, and later of those on the sym- 
pathetic fibers which cause active dilatation. 

Most of the Secretions are increased temporarily by nicotine. The 
glands investigated have generally been the salivary, where it is found 
that the secretion is increased by the injection of small quantities, but 
is afterward depressed, while large doses diminish it at once. The seat 
of action is again tiie ganglionic apparatus on the secretory nerves. If 
the chorda tympani is stimulated in the normal animal a large secretion 
of saliva follows at once, but if a sufficient quantity of nicotine be 
injected, no such effect follows its stimulation. If, however, the nerve 
fibers aie stimulated between the ganglion cells and the gland (at X in 
Fig. 33), the secretion again follows as before. On the other hand, 
nicotine increases the secretion whether the chorda is intact or not, hut 
ceases to pet if the connection between the ganglion cells and the gland 
is interrupted. ' Nicotine thus first stimulates and then paralyzes the 
ganglia on the course of the chorda tympani and of the sympathetic 
fibers supplying the gland. Pilocarpine and muscarine cause profuse 
salivation after nicotine because they stimulate the postganglionic 
terminations in the gland cells, and it is therefore immaterial whether 
the connection with the central nervous system be interrupted or not. 
On the other hand, the reflex secretion of saliva normally produced 
by irritation of the mouth or by chewing is prevented by nicotine. 
Ati opine stops the secretion produced by nicotine by paralyzing the 
postganglionic terminations. 

The other secretory glands are affected in the same way by nicotine, 
their secretions being first increased by the stimulation of the ganglia 
on the course of their secretory nerves, and then being lessened by their 
paralysis. Thus the secretion of sweat and bronchial mucus is found 
to be markedly increased. The urine and bile have not been shown 
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to be affected by nicotine, as their secretion does not seem to be so 
dependent upon nervous influences. The activity of the suprarenal 
glands is increased by nicotine, probably by its action on the ganglia 
on the course of the innervating fibers; this results in an augmented 
secretion of epinephrine into the blood-vessels, which in turn affects 
a number of organs, such as the iris and uterus, and introduces a new 
complication in the action of nicotine. 

.Nicotine produces extreme Nausea and Vomiting when taken even in 
comparatively small quantities, a fact which is generally recognized by 
tyros in smoking. This is in part central in origin, in part due to the 
powerful contractions of the stomach walls. This contraction extends 
throughout the intestinal tract, so that repeated Evacuation of the 
Bowel occurs. Somewhat larger quantities may lead to a tetanic con- 
traction of the whole intestine with almost complete obliteration of the 
lumen. This exaggeration of the peristaltic contraction is probably 
due to stimulation of the motor ganglia in the intestinal wall, and a 
subsequent paralysis of these structures leads to a failure of local stimuli 
to induce peristalsis. A further effect of nicotine on the bowel is due to 
its stimulating the ganglia on the fibers of the splanchnic which inhibit 
the rhythmical pendulum movements. These are arrested by the injec- 
tion of nicotine, but return in exaggerated form as the ganglionic stimu- 
lation passes into paralysis. The mesenteric vessels are narrowed at 
first from stimulation of the ganglia on the course of the vasoconstrictor 
nerves, but congestion follows the depression of these ganglia and the 
blood-pressure falls. 

Similar changes are produced by nicotine in the Bladder, which is 
thrown into tetanic contraction. The urine is therefore expelled very 
soon after the injection of nicotine and this probably gave rise to the 
erroneous view that the renal secretion was increased. The uterus is 
strongly contracted in pregnant animals, but is inhibited in the noil- 
pregnant cat, in which the inhibitory nerves are more powerful than 
the contractor ones. 

The action of nicotine on the Pupil varies in different animals, for 
while in the cat and dog its application cither intravenously or locally 
produces marked but transitory dilation, in the rabbit partial constric- 
tion sets in immediately. In cases of acute poisoning in inan contraction 
is generally seen at first and is followed by dilatation. In birds nicotine 
causes very marked contraction of the pupil, apparently owing to 
direct action on the muscle of the iris. The size of the pupil is regulated 
by two sets of nerves, the motor oculi and the sympathetic, and the 
ciliary fibers of both of 'these are interrupted by ganglia in their pas- 
sage from the brain to the iris, those of the motor oculi by the ciliary 
ganglion, those of the sympathetic by the superior cervical ganglion 
(see Fig. 35, page 4G8); the, varying effects of nicotine may be due to 
Us stimulating the one ganglion more stronglj* in one species of animals 
the other in another. It is found, however, that atropine does not 
remove the effects of nicotine on the rabbit’s eye, which would seem 
to indicate an action on the muscular fibers of the iris. Several other 
effects on the orbital muscles are seen; thus in cats and dogs the nicti- 
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tating membrane is withdrawn, the eye opens and is directed forward, 
while in the rabbit these symptoms arc preceded by a stage in which 
the nictitating membrane is spread over the cornea and the eve is 
, tightly closed; these all arise from stimulation and subsequent paralysis 
of the superior cervical ganglion. 

Nicotine, then, first stimulates and later paralyzes all the Autonomic 
Ganglia, whether applied locally to them or injected into the circulation. 
In these ganglia, the characteristic formation is the baskct-likc arrange- 
ment of the terminations of the entering nerve, which surround a large 
nerve cell from which an axis cylinder runs to the muscle or secretory 
cell. A nerve impulse from the central nervous system passes from the 
basket to the cell and thence to the periphery. Langley has shown that 
nicotine acts on the cell of the peripheral neuron, and not on the net- 
work around it, for the same effect is obtained from the application of 
the poison after the network 1ms degenerated. 

In the frog nicotine produces fibrillar}' twitching and slow, prolonged 
contraction of the Muscles, which are not prevented by previous division 
of the nerves leading to them, but disappear on the injection of curare; 
on the other hand, the paralysis induced by curare may be partially 
removed by small quantities of nicotine. Langley has shown that the 
fibrillary twitching and slower contractions occur in muscles in which 
the ncrvcrcnds have degenerated from division of the nerves, so that 
nicotine acts on some receptive substance peripheral to the anatomical 
nerve-ends and intervening between these and the contractile substance 
of muscle. A similar 'effect is seen in reptiles and birds; in mammals 
the twitching of the muscles is prevented by section of the nerves and 
is, therefore, due to central action, but large quantities of nicotine cause 
paralysis exactly like curare. ' 

The convulsions seen in both cold- and warm-blooded animals evi- 
dence the influence of nicotine on the Central Nervous System. The 
spinal cord is thrown into a condition of exaggerated irritability, and 
the reflexes are correspondingly increased, but the convulsions do not 
seem to be due so much to the spinal cord as to the medulla oblongata 
and hind brain, for they nre not tonic but clonic in character, and are 
much weaker after division of the cord immediately below the medulla 
than in the intact animal. The medullary stimulation also betrays 
itself in the rapid and deep respiration, and is in part responsible for 
the inhibitory slowing of the heart and the rise in the blood-pressure. 
The higher centers in the brain seem to participate but little in the 
stimulant action of nicotine, which is short-lived, and soon gives way 
to marked depression of the whole central nervous system, manifested 
in the slow respiration, the low blood-pressure, the disappearance of 
the reflex movements and the final unconsciousness. 

The cause of death in nicotine poisoning has aroused considerable interest 
since Thomas and Franke called attention to the importance of the curare-like 
action of nicotine in this connection. These workers showed that sections ot 
the diaphragm of a dog connected to the body of the animal by the phrenic 
nerve only, and therefore protected from the action of the poison, will remain 
active to stimulation of the nerve long after the intact portion of the diaphragm 
in the animal is paralyzed by the nicotine injected. They concluded, therefore, 
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that under the conditions the death of the animat was duo to a peripheral 
paralysis of the nerves involved in respiration rather than to a paralysis of the 
respiratory center. However, in order to bring about this condition of peripheral 
paralysis, dose? of nicotine two or three times the minimum fatal doses were 
given (15 mg per kilo of body weight), and the problem stiJJ remains as to the 
cause of death from the smaller dose*? which really constitute the minimum 
fatal dose. 

Without doubt a curare-ltfcc action may be a cause of death from nicotine. 
However, the evidence that the early death which follows the administration 
of email doses of nicotine to normal unanesthetized animals is not due to depres- 
sion of the respiratory. centCT is not sufficiently established to be finally accepted. 

The Excretion of nicotine is probably carried on mainly by the kidneys, for 
it is found in the urine very soon after it enters the blood. It has also been 
detected m the saliva and perspiration. The presence of nicotine in the urine of 
smokers may account for its pressor activity for nicotine is only slowly excreted 
from the body. 

When small quantities of nicotine are ingested repeatedly, the body 
soon gains a certain Tolerance, and no symptoms whatever are pro- 
duced by doses which in ordinary cases would produce grave poison- 
ing. A familiar example of this tolerance is seen in the practtcc of 
smoking. The first use of tobacco in the great majority of individuals 
is followed by vomiting and depression, which may even amount to 
collapse, but after a few experiences no symptoms follow smoking. In 
some individuals no such tolerance is developed, and in every case the 
tolerance is much more limited and more difficult to acquire than that 
for morphine. In animal experiments it is often found that while one 
application of nicotine produces considerable ganglionic stimulation, 
the second lifts much less effect. Tins is probably due, not to the estab- 
lishment of tolerance, but to the first dose having produced primary 
stimulation ftnd then depression of the ganglia, this depression, while 
not amounting to complete paralysis being sufficient to counteract to 
some extent the stimulant action of the second injection True tolerance 
is attained very imperfectly by animals from the use of repeated “<10311 
doses, but wlien latgcr amounts arc used some tolerance is soon acquired. 
Animals which have acquired tolerance for nicotine a bo resist the action 
of lobeline. Certain animals have a natural tolerance against nicotine, 
this being strongest in rabbits. In diminishing degree .appear guinea- 
pigs, dogs, hens and finally cats where this congenital tolerance is least. 

Therapeutic Uses.— Lobelia was formerly used as an emet ic, but is unreliable, 
and is liable to give rise to the most alarming symptoms of poisoning It is 
occasionally used in the form of the tincture (dose, B. P , 5 to 15 mm ), to relax 
the spasm of the bronchial muscle m asthma, but its effects must be carefully 
watched, as the preparations seem to vary in strength, and alarming symptoms 
and even fatal results have sometimes followed its use In any case it is inferior 
to atropine and its allies in this condition The British Pharmacopoeia aI«o 
includes a concentrated ethereal tincture of lobelia, the (lose of which is 00$ to 
0 25 mil (1 J to 4 min.) . Loirimr stimulates the respiratory center and has been 
used for this purpose in respiratory failure occurring during anesthesia, in 
narcotic poisoning and similar conditions, but safer and more effective drugs 
arc available for this purpose ft is usually given hypodermically in doses of 
3 to 10 mg Nicotine is not used in therapeutics, but is » very useful tool in 
ctjieifuheutal pharmacology. 
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Tobacco 

Tobacco had been in use among the aboriginal tribes of America 
before they became known to civilization. It was introduced into 
Europe soon after the discovery of America, and its use as an article 
of luxury, beginning in England, soon spread to the continent, and in 
spite of papal bulls and numerous efforts on the part of the secular 
authorities, has continued to enthrall a considerable portion of the 
human race. The most widespread use of tobacco— smoking— is also 
the most ancient one, having been that of the aboriginal Indians. 
Snuff-taking, introduced by Francis II of France, remained fashionable 
for a long time, but is now almost obsolete except in remote rural areas. 
Tobacco-chewing is a more modern development, but shows signs of 
abatement. Curiously enough, the leaves of the pituri plant, which con- 
tains nicotine, are formed into a mass and chewed by the natives of 
Australia. In smoking, snuffing or chewing, nicotine is absorbed; tobacco 
smoke always contains nicotine, though the amount varies with different 
kinds of tobacco and also with the way in which it is smoked; but a 
large proportion of that contained in tobacco passes over in the smoke 
along with pyridine and some of its derivatives. In snuff the nicotine 
is generally small in amount, while in chewing tobacco there is generally 
a varying amount of foreign matter, such as molasses. 

The enjoyment derived from the use of tobacco has never been 
adequately explained, and it is not even proved that nicotine is essential 
to the pleasurable results, though there seems little doubt that it plays 
an important part in producing them. It has been suggested that smok- 
ing gives repose and thereby improves intellectual work, but this is 
denied by many habitual smokers. It has also been stated, and denied, 
that the mental energy is reduced by the use of tobacco, and an attempt 
has been made to demonstrate this by measuring the amount of work 
done with and without tobacco; but investigators are not agreed on 
the results, which probably depend largely upon the individual. One 
fact is certain, that the tobacco .habit cannot be compared with the use 
of such drugs as morphine, cocaine, or alcohol, for it is not taken with 
the purpose of producing stimulation or depression of the central nervous 
system, and it seems doubtful whether the nicotine ordinarily absorbed 
really has any action whatsoever. Perhaps the local effects on the mouth, 
nose, and throat play a larger part in the effects of tobacco than is 
generally recognized. A certain amount of rhythmic movement demand- 
ing no exertion seems in itself to have a soothing, pleasure-giving effect, 
for it is otherwise impossible to explain the satisfaction enjoyed, by 
many in chewing tasteless objects, such as gum or straws. A curious 
fact which tends to show that tobacco smoking is not carried on solely 
for the sake of the nicotine absorbed, is that the pleasure derived from 
a pipe or cigar is diminished for many persons if the smoke is not seen, 
as when it is smoked in the dark; and few blind men enjoy smoking. 

Most people may indulge in the moderate use of tobacco for many 
years with perfect impunity, but its excessive use is followed in many 
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Individuals by a number of symptoms, some of them trivial, others 
indicating grave changes in important organs. 

One of the commonest effects of overindulgence in tobacco is a chronic 
inflammation of the throat .and upper parts of the respiratory passages, 
leading to hoarseness and excessive secretion of the mucous glands. 
This is explained by the constant application to the throat of an irritant, 
alkaline vapor, and is probably not due to the specific action of nicotine. 
A similar irritated condition of the tongue is frequently met with, more 
especially when the hot vapor is constantly directed on one part, as in 
pipe smoking, and it is sometimes stated that the constant irritation 
thus produced renders the tongue and lip more liable to cancerous dis- 
ease. The apparent increase in-the incidence of carcinoma of the lung 
has also been attributed to the increasing u^e of tobacco. Dyspepsia, 
want of appetite, and consequent loss of flesh may also be explained 
by the local irritation produced by the nicotine swallowed in the saliva. 
A symptom ascribed to the abuse of tobacco is palpitation and irregu- 
larity of the heart, which has been attributed to changes in the inhibitory 
mechanism. Excessive smoking is also alleged to be a cause of coronarj 
atheroma, but the evidence for this view is not convincing. Another 
important symptom is dimness of vision, especially for colors, anil 
imperfect accommodation, which may go on to complete blindness in 
one or both eyes. In early cases the retina often appears pale, and if 
the condition persists, atrophy of the optic nerve may result, probably 
following on degenerative changes in the ganglion cells of the macular 
region of the retina. This tobacco amblyopia is held by some to occur 
only when the tobacco habit is accompanied by alcoholic excess, and 
is especially liable to occur from smoking heavy pipe tobaccos. Smoking 
causes a slight rise of blood-pressure in some individual*, ami this has 


by smoking or chewing tobacco, 
tobacco poisoning, the sympton 
or even on restricting the daih 

docs not make insistent demands on its continuance as does morphine. 
Withdrawal of tobacco from those accustomed to it causes n temporary 
feeling of loss and possibly some impairment of mental concentration. 
This soon disappears and is not markedly greater than occurs from the 
discontinuance of any established pleasurable habit. 

Pearl has made a statistical -tudt of several thousand j>erM>ns to 
ascertain if possible the effect which imderafc or heavy smoking has 
upon lodge' ity. Comparing the smokers wit}/ 2,000 non-smoking con- 
trols, he found that smoking impaired life duration and that the degree 
of impairment increased with the amount used, ft is interesting to 
note that Pearl found that the difference l>ct«een the two groups of 
smokers and non-smokers disappeared at the age of se'enty, prol«ibI> 
due to the “expression of the residual effect of heavily 'elective charnet< r 
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on the mortality in the earlier years.” Individual smokers who survive 
seventy are probably so resistant that thereafter tobacco does them no 
harm. 

The widely prevalent view that smoking increases the volume and 
acidity of the gastric secretions has not been confirmed experimentally 
(Schnedorf and Ivy). However, the injection of 0.2 mg. of nicotine 
(the approximate equivalent of smoking a cigarette) reflexly abolishes 
the hunger contractions of the stomach for fifteen to sixty minutes. 

The vasospastic action of nicotine has suggested that smoking in ay 
precipitate anginal attacks in patients suffering from angina pectoris. 
The use of tobacco has also been held to be the cause of Buerger’s 
disease (thromboangiitis obliterans) but rarely cases of this disorder 
have been noted in non-smokers. The vasoconstricting effect of tobacco 
on the skin has been demonstrated by the faff in skin temperature which 
occurs in most normal persons following the use of tobacco. 
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H. SUBSTANCES STIMULATING PARASYMPATHETIC ACTIVITY 

The group of drugs now to be considered have the common pharma- 
cological action of stimulating the structures innervated by cholinergic 
nerves and are therefore designated as parasympathomimetic drugs. 
The individual drugs differ, however, in the mechanism and site of their 
action as well as in their effects on different organs, and hence must be 
considered separately. 

1. The Muscarine Group 

Muscarine is an alkaloid found in certain poisonous mushrooms, 
especially Amanita muscaria ( Agaricus muscarius). The alkaloid was 
first isolated, and its pharmacological properties described by Schmiede- 
berg and Koppe in 1869. Chemically, it is a quaternary ammonium 
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ba&e and may be considered as the aldehyde of the secondary propyl 
alcohol derivative of choline (cf. page 444), and resembles in its actions 
some of the choline esters. It produces a scries of effects which repro- 
duce with almost complete fidelity the effects wide)} result from stimula- 
tion of the parasympathetic nerves and this- action is exerted on the 
periphery in connection with the postganglionic nerve terminations. 
This particular type of action, which is now know n to occur with several 
other drugs, was first described with muscarine and is frequently and 
for convenience called a “muscarine action.” Few other. substances 
possess this action with the same purity as muscarine, many (c. g., 
acetylcholine) combining with it a “nicotine action.” Both for historical 
reasons and for simplicity, it is convenient, therefore, to consider mus- 
carine first as an introduction to this group of drugs. 

O 

C— II 

(CH»),N— CII 

iir CHOHCff, CH, 

Muscarine 

Actions.— Research in recent years has tended to confirm the con- 
ception that, in its peripheral actions, muscarine stimulates the post- 
ganglionic terminations of the parasympathetic nerves. Wien circulat- 
ing in the blood, or when applied locally to organs, it therefore produces 
all the effects associated with stimulation of these nerves The apparent 
exceptions to this generalization, notably the sweat glands, are explained 
by the fact that tlic ner\es supplying these, though belonging anatomi- 
cally to the sympathetic system, belong physiologically to the para- 
sympathetic system. The stimulation of the sympathetic nerves to 
these glands causes the liberation of acetylcholine, and not— ns is usual 
with sympathetic fillers— of a substance like epinephrine. If all nerve 
fibers which transmit their impulses through liberation ‘of acetylcholine 
be designated as “cholinergic,” muscarine is more accurately described 
as stimulating all cholinergic nerve-terminations. 

The salivary and lacrimal Glands, the mucous glands of the mouth, 
throat, nose and deeper respiratory passages, the gastric secretory 
glands, the pancreas, and probably the intestinal glands, all secrete 
copiously after muscarine 'llie sweat glands and the ceruminous glands 
of the ears arc liken i-c rousvd to unwonted activity, and many other 
glandular structures are ah<» stimulated 

In most eases the 'oiith of the -ecnerion- are increased os nell as the 
fluids, although to ft feomew h.tt lesser extent The bile, the urine and the 
milk do not seem to he affiled directly although they may l>c reduced 
in amount or otherwise modified by the withdrawal of large quantities 
of fluid from the t>ody by other channels 

After a small quantity of atropine, muscarine in ordinary quantities 
produces no increase in any of the secret ions. This indicates that the 
scat of action of these poisons is not the secretory cells, for it has Jxrn 
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shown that' atropine paralyzes only the myoneural junctions and [eaves 
the cells uninjured. ‘ 

Involuntary Muscle.— The nausea and discomfort in the stomach , fol- 
lowed by retching and vomiting, which form some of the earliest symp- 
toms of muscarine poisoning are a result of stimulation of the smooth 
muscle of the gastro-intestinal tract. The intestines are also set m unusu- 
ally active movement by stimulation of the vagal terminations and 
repeated evacuation of their contents follows. These are at first of firm 
consistency, but later, as the continued peristalsis carries down the 
contents of the small intestine, which have not Iain long enough in the 
bowel to allow of the absorption of their fluid, the feces contain more 
water than usual. This fluidity of the stools may also be due in part 
to an augmentation of the intestinal secretion. Even after the bowel 
has been completely evacuated, the persistent peristalsis betrays itself 
in painful straining. 

The muscle of a number of other organs contracts from stimulation 
of receptors similar to those in the stomach and bowel. Thus the spleen, 
bladder , ureters , and pregnant uterus are contracted, and in the case of 
the bladder repeated evacuation and straining may occur. 

In some other forms of muscle, muscarine causes contraction by 
acting on receptors which lie on the path of the nerve impulses. Thus in 
poisoning and also on local application, the pupil becomes extremely 
narrowed, and at the same time the ciliary muscle contracts so that the 
lens is accommodated for short distances. Both of these phenomena are 
due to stimulation of the myoneural junctions in the intra-ocular muscles 
(Fig^ 35, page 4G8), for atropine removes the contraction and at the 
same time interrupts the passage of impulses from the nerve to the 
muscle. The intraocular pressure is reduced by muscarine although it 
may be increased at first. This is due to the iris being drawn up by its 
contraction and thus allowing free egress to the intra-ocular fluids (see 
Atropine, page 469). 

The bronchial muscles are contracted, an effect which, together with 
the profuse bronchial secretion, may cause embarrassment of respiration. 

The action on the Circulation induces symptoms which are exactly 
those seen on stimulation of the vagus by electrical shocks. The point 
of action is not the ganglia on the inhibitory fibers, for muscarine is 
effective after these are completely paralyzed by nicotine,. and it also 
acts on the apex of the frog’s ventricle, in which no ganglia whatever 
have been found. The action must therefore be localized at some point 
between the ganglia and the actual contractile substance, for the latter 
maintains its normal character responding with contractions to stimuli. 
Muscarine is therefore generally held to stimulate the myoneural junc- 
tions between the inhibitory fibers and the contractile substance of the 
muscle. Atropine removes this standstill by paralyzing the junctions, 
but larger quantities of muscarine will again overcome the atropine 
action and restore the standstill or, at any rate, the slow beat. Digitalis 
and its allies remove the standstill by increasing the irritability of the 
muscle until the inhibition can no longer hold the heart in check, but 
through the rhythm caused by these the activity of the vagus can be 
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seen in the slowness of the heat and the prolongation of the diastole. 
When the heart is slowed by muscarine, stimulation of the vagus is 
more effective than normally, the action of the drug being added to that 
of the electrical stimulus. In rabbits and cats the heart is slowed or 
brought to a complete standstill, the blood-pressure falls, and all the 
symptoms produced by anemia of the brain may follow, but the animal 
becomes again perfectly normal on the administration of small quanti- 
ties of atropine. 

In dogs the stimulation of the inhibitory fibers seems sometimes to 
be entirely absent after muscarine, and in man this is very frequently 
the case. Instead of a slow pulse and lessened tension of the arteries, 
acceleration and increased blood-pressure are then observed. This is 
accompanied in man by marked palpitation and discomfort in the region 
of the heart and by dilatation of the skin vessels, especially of those of 
the face. In other cases, however, the same circulator)* disturbances 
are produced as in the cat and rabbit. The acceleration of the heart 
and palpitation may perhaps arise from the nausea, which may be 
sufficient to overcome the inhibitory stimulation, or may result from 
stimulation of the adrenal glandsieadingfoan outpouring of epinephrine. 

In embryo hearts muscarine, in ordinary quantities, produces no 
change whatever during the first one hundred and fifty hours of life (in 
the chick). The explanation of this phenomenon is that the inhibitory 
nen*cs have not been developed at this stage, and after their develop- 
ment is complete, muscarine acts on the heart as in the adult. The 
' rates may be due to a similar 
■ * the crab, in which there is a 

•hicli muscarine causes accel- 
eration. 

Tile Respiratory center is not acted on directly by small quantities 
of muscarine, but the changes in the circulation lessen the amount of 
blood passing through the lungs, and the contraction of the bronchial 
muscle may seriously retard the movement of the air and thus impair 
the aeration of the hlood. The edema of the lungs which is often observed 
in cats and rabbits poisoned with the members ol this series, and which 
has also occurred m fatal poisoning in man, arises from the slowing 
of the circulation through the lungs from the cardiac action. 

Muscarine lias practically never been introduced into medical prac- 
tice, because, while its action on the secretions is quite equal to that of 
pilocarpine, the gastric symptoms are produced more readily by it. It 
is also a more powerful poison than pilocarpine, and is not procurable 
in pure form. 

Toxicology. —The symptoms of poisoning in man commence with a 
very marked secretion of saliva, soon followed by excessive perspiration 
and a flow of tears. Nausea, retching and vomiting, pain in the abdomen 
and violent movement of the intestines causing profuse watery evacua- 
tions, are next observed. The pulse is sometimes quickened, sometimes 
very slow and irregular, the pupil is contracted, and the sight is accom- 
modated for near objects. The respiration is often quick and dyspneic, 
and r£les may be heard over the bronchi, denoting an accumulation of 
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mucus in them. Giddiness and confusion of ideas are complained of, 
but the nervous symptoms are not so conspicuous as those from the 
peripheral organs. Eventually the respiration becomes slower and great 
weakness in the movements manifests itself, but consciousness remains 
more or less perfect until the breathing ceases. 

Mushroom Poisoning.— The symptoms of mushroom poisoning are 
often definitely suggestive of muscarine, e. g., gastro-intestina! irritation, 
slow pulse and labored respiration. Consciousness may be unaffected, 
but delirium, convulsions or coma may ensue. Atropine will remove the 
symptoms due to the peripheral actions of muscarine. Active principles 
other than muscarine have been described in certain species of mush- 
rooms and the poisonous effects are not invariab y due solely to mus- 
carine. A delayed form of mushroom poisoning is also encountered 
particularly after the ingestion of Amanita phalloidcs which contain 
hepatic toxins. Intoxication appears six to fifteen hours after ingesting 
the mushrooms with violent abdominal pains, nausea, vomiting, etc. 
Death may occur within about a week from hepatic insufficiency. 
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2. Choline, Acetylcholine, and Other Choline Esters 

Choline is a constituent of lecithin and is otherwise widely distrib- 
uted in animal and vegetable tissues. A liter of blood plasma may con- 
tain 1G0 to 300 mg. of choline combined as lecithin. Small amounts of 
free choline exist in the circulating blood, but the amount occurring in' 
blood or in extracts from tissues after death increases owing to autolysis 
of lecithin. 

(CHj)j=N— CH jCHrOH 
l)H 

Choline 

Chemically it may be considered as a derivative of ammonium hj-drox- 
ide (NH 4 OH) in which the four hydrogen atoms attached to the nitrogen 
are replaced by three methyl and a hydroxyethyl group. 

Choline has an important lipotropic function in the organism. Its 
administration following pancreatectomy, for example, prevents the 
fatty infiltration of the liver seen in dogs maintained on insulin following 
this operation. Choline is normally supplied in the diet but can also 
be synthesized by a combination of methyl groups furnished by methi- 
onine with ethanolamine (NH 2 .CH 2 CII 2 OH) which the body can pro- 
duce. A deficiency of choline in the chick induces perosis and it is 
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considered therefore among the substances comprising the vitamin R 
complex (c/. page 001). 

The lipotropic action of choline has suggested its therapeutic trial 
together with methionine in the treatment of cirrhosis of the liver, 
hepatitis, and other hepatic disorders to avoid the deposition of fat 
which occurs in this organ in these conditions. 

The actions of choline were early found to resemble in many respects 
those of muscarine, to which it is chemically related. Thus it causes 
cardiac slowing, increased intestinal movements and increase of lacrimal, 
salivary and other secretions. In 190S Reid Hunt described the actions 
of a number of esters of choline synthetically prepared He found acetyl- 
choline especially active, having (m respect of its depressor action on 
the circulation) 100,000 times the activity of choline itself. 

In 1914 Dale showed that choline and, tvith varying degrees of intensi- 
fication, certain esters and ethers of choline, possess two distinct types 
of action— a "muscarine” action, paralyzed by atropine, and a "nicotine” 
action, paralyzed by excess of nicotine. Later Riesser showed that 
acetylcholine could provoke contracture of the skeletal muscle of 
amphibia 

These three types of action of acetylcholine have assumed great impor- 
tance in connection with the chemical transmission of nervous impulses. 
The outstanding impetus to this conception, winch had been earlier 
foreshadowed, was given by Loewi’s demonstration (1921) that the 
vagus nerve produces its effect on the frog’s heart by liberating an 
inhibitor substance. He showed that this substance (later identified 
with considerable certainty as acetylcholine), present in the fluid 
♦filling the heart, could be transferred to another heart and there repro- 
duce the vagus effect. This conception was extended by many workers, 
notably by Dale and his collaborators, and the view put forward that 
acetylcholine may act as a "chemical transmitter” of nervous impulses, 
not only at the terminations of the postganglionic fibers of the para- 
sympathetic nerves but at the autonomic ganglia and at the termina- 
tions of the motor nerves in skeletal muscle. This view offered a new 
conception oF the effect of nerve stimulation, which necessarily also 
altered our conception of the method of action of many drugs. The 
action of choline esters, therefore, possesses importance not only for 
physiology, but for pharmacology, immediate and remote. Here they 
can be considered merely as pharmacological agents. 

Acetylcholine 

Acetylcholine, the acetyl derivative of choline, is an unstable sub- 
stance. It is rapidly hydrolyzed in the presence of alkali to choline and 
acetate, and has a maximum stability at pH 3.9. In the presence of 
blood or extracts of most tissues, hydrolysis occurs very rapidly, due to 
a specific cholinesterase. The amount of this esterase varies widely in 
blood and different organs of different species, the activity of human 
blood or serum being very great. Physostigminc has a powerful inhib- 
itory action on cholinesterase and a preliminary injection of physosftg- 
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mine enhances the pharmacological effect of most choline esters. Acetyl- 
choline has a double action on the autonomic nervous system, producing 
. effects (a) like muscarine and (b) like nicotine. 

( CH,)^N— CHjCH,0 CO CH,. 

<Ih 

Acetylcholine 

“Muscarine”- Action.— 1 These effects arc due to a stimulation of the 
terminations of the postganglionic fibers of the parasympathetic nerves 
and arc, so far as is known, identical with those produced by muscarine. 
As these effects have already been described under the latter alkaloid, 
they need only be briefly recapitulated. Acetylcholine causes an in- 
creased secretion from the glands innervated by parasympathetic 
nerves, c. g., salivary, lacrimal, intestinal, as well as of the sweat glands, 
which arc innervated by the sympathetic. It causes a fall of blood- 
pressure due to dilatation of the vessels, slowing of the heart, and con- 
traction of most forms of involuntary muscle, e. g. t of the stomach, 
intestine, bronchi and uterus. All these effects can be prevented by a 
small dose of atropine. 

‘'Nicotine”-Action.— These effects are due to a stimulation, followed 
by paralysis of all the autonomic ganglia of the body, including there- 
fore those connected with the sympathetic as well as those on the course 
of the parasympathetic nerves. Clearly the result of tin’s action will, 
vary with the dosage. Among the effects under this heading may be 
mentioned a rise Of blood-pressure after atropine. Atropine paralyzes 
the jparasympathctic terminations and prevents both the slowing of the ' 
heart and the vasodilatation. Acetylcholine stimulates the parasym- 
pathetic and sympathetic ganglia, but atropine prevents the effects of 
the former. Hence after atropine, acetylcholine stimulates only the! 
sympathetic ganglia and consequently produces a rise of blood-pressure* 
similar to that produced by epinephrine. Large doses of nicotine, by 
paralyzing these ganglia, prevent the rise of blood-pressure produced 
under these conditions. The rise may be augmented by an outpouring 
of epinephrine from the adrenal glands, which are stimulated by acetyl- 
choline. 

Another action which acetylcholine shares with nicotine is a stimulant 
action on voluntary’ muscles, most readily displayed on the normal 
muscles of some lower vertebrates and on the motor-denervated muscles 
of mammals. In the latter, the contraction is slow, but a rapid type of 
contraction occurs in the normal mammalian muscle (Simonart). This 
rapid contraction is readily inhibited by curare and is very sensitive 
to the action of ether and some narcotics. The muscle of the body wall 
of the leech is stimulated by acetylcholine and this reaction, especially 
when sensitized by physostigmine, is one of the most delicate biological 
tests for acetylcholine. 

Following the fundamental demonstration by Loewi that stimulation 
of the vagus nerve to the heart causes the liberation of a substance later 
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identified as acetylcholine, the liberation of this substance has been 

shown to occur in many organs as tlv* -* •*’ ** 

lotion, e. g , in the stomach, bladder 
rfence has also been brought forward 
of acetylcholine in ganglia when the 

mid in voluntary muscle when the motor nerves are stimulated. 

Other Choline Compounds.— Acetylcholine has been more carefully 
studied than any other ester of choline. Compared with it, propionyl- 
cholinc lias weaker muscarine-actions, but stronger nicotine-actions. 
With butyryicholine the muscarine-actions are still feebler but the 
nicotine-actions remain about the same. 

The methyl-, ethyl-, vinyl-, and butyl-, ethers of choline are less active 
than acetylcholine, especially in respect to nicotine-actions. Acetyl- 
liomocholine is much less active than acetylcholine. In the case of 
muscarine, which can be regarded as choline with an aldehyde group 
in the a-position and an ethyl group in the ^-position, it is possible that 
the ethyl group is responsible for the absence of nicotine-action, as 
Simonnrt has shown that the substitution of a methyl-group in the 
0-position deprives acetylcholine of its nicotinc-action. 

Because of its evanescent aetion in the body, acetylcholine has little 
therapeutic value and more stable derivatives have therefore been 
introduced into medical practice to elicit the desired action of this 
group of compounds. 

Acetyl-Beta-Methylcholine (Mecholyl or Mecholine) 

Acetyl-beta-methylcholine (mecholyl or mecholine). which is the 
0-methyl derivative of acetylcholine, resembles acetylcholine quite 
closely in its effects, but ‘differs from it in being a more stable compound, 
being less readily hydrolyzed than the acetyl compound. It can be 
administered by oral as well as by parenteral avenues and is employed 
also for its local effects induced by means of electrophoresis. 

(CH.)^N CH, CH CH, O CO CH, 

ill 

On animate it produces effects similar to those of acetylcholine depen- 
dent mainly upon parasympathetic stimulation, as the nicotine-like 
effects are comparatively fechle. The drug produces changes in the 
heart characteristic of vagus stimulation, an increase in intestinal peri- 
stalsis and tone, constriction of the bronchi and contraction of isolated 
strips of uterine muscle. There is ateo salivation and vasodilatation. 

In the normal human being doses from 10 to 25 rag. given by sub- 
cutaneous injection produce flushing, a feeling of heat, sweating, saliva- 
tion, lacrimation, increased intestinal peristalsis, discomfort in the epi- 
gastrium, palpitation and a feeling of constriction under the sternum. 
The effects appear in two or three minutes and last for about thirty 
minutes. With the onset of the symptoms the blood-pressure falls 'and 
the heart rate increases In certain individuals the symptoms appear 
very rapidly and the blood-pressure fall is so severe that a condition of 
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collapse seems imminent necessitating the immediate injection of atro- 
pine, which alkaloid quickly removes the effects of the choline compound. 

Slowing of the heart may be very marked when the drug is given 
intravenously and in some cases it has led to complete stoppage so that 
this method of administration is strongly contraindicated. The point 
of injection should not be massaged, as such manipulation will hasten 
absorption and possibly unduly intensify the symptoms. The blood- 
pressure fall may be rapid and marked, so that the patient should be in 
the recumbent position when the drug is given in order to prevent 
fainting. The drug is contraindicated in cases of hyperthyroidism, 
coronary occlusion, asthma, or in any severe illness. In persons sus- 
ceptible to asthma it has not infrequently brought ort typical attacks. 
^Therapeutic Uses. — Acetyl-beta-methyJcholine may be given orally or 
by injection- As a palliative in chronic arthritis and in peripheral vas- 
cular disorders (e. g., in Raynaud’s disease), the method of administra- 
tion by means of the galvanic current (electrophoresis, iontophoresis, or 
common ion transfer) is usually much more efficient and the best means 
of eliciting the local effects of the drug on the extremities, 

In this method the direct or galvanic current is used to deposit the 
ions of certain salts which are in solution either on or in the tissues, 
where they may be taken up into the blood stream and exert systemic 
effects. Moreover, when it is desired to get the penetration of the drug 
into deeper tissues than is possible by simple topical application, the 
galvanic current has been employed recently and has proved efficient 
as a mode of administration of acetyl-beta-methylcholine in the treat- 
ment of certain vasospastic conditions of the extremities, in chronic 
ulcers, and as a palliative in rheumatoid arthritis. 

To utilize the galvanic current in these conditions the active electrode 
is saturated with a 0.5 to 2 per cent solution of the acetyl-beta-methyl- 
choline and applied to the part to be treated. This is then wrapped 
(if an extremity or a joint) with a narrow strip of metal foil arranged 
to convey the current uniformly to the whole surface to be treated. 
This foil is connected to the positive pole of the electrical appliance 
while the negative pole is applied to the patient’s back by means of a 
large dispersive electrode in order to complete the circuit. The strength 
of the current and the time of its flow will regulate the effectiveness of 
the ionization. Usually a strength of 40 to 50 milliamperes applied for 
perhaps twenty minutes is most satisfactory. 

This method of application of ace tyl-/?-m ethyl choline (and also of 
histamine) has been shown to produce local effects, such as vasodilation, 
which are not obtainable by the use of the drug orally or by injection. 
Also, while at times general systemic symptoms are obtained when 
this method is employed, these symptoms are less serious than when it 
is given by injection. Iontophoresis should be employed only by those 
specially trained in its application. It should not be used directly over 
ulcers or open wounds and should be used cautiously over scar tissues. 
-''Acetyl- 0 -methyIchoIine has been used to some extent to elicit its 
effects on the gastro-intestinal tract (e. g., in ileus), and on the urinary 
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bladder but is less suitable for these purposes than neostigmm and ear* 
baminoylcholine respectively. 

Acetyi-0-methyIcholineJOaeehoIyI) is used in the form of its water- 
soluble salts. The chloride is very hygroscopic and is therefore not 
suitable for oral administration in crystal form but should be given 
in solution. 

Mecholyl chloride is injected subcutaneously in the treatment of 
selected cases of paroxysmal auricular tachycardia which have not 
responded to the other usual therapeutic measures, A dose of 10 mg. 
is used on the first injection and only if well tolerated may this be 
cautiously increased up to 20 to 40 mg. It is advisable to wait about 
ten to twenty minute3 before repeating an injection and to first massage 
gently at the site of the first injection to ensure that its effect has dis- 
appeared. Overdosage effects may be abolished by an injection of 
0.6 mg. atropine sulfate. 

The therapeutically effective oral dose of mecholyl chloride ranges 
from 0.2 to 0.5 gram, two or three times a day. Smaller doses (0.05 to 
0.1 gram) are effective in overcoming the vascular spasm due to moderate 
exposure to cold. 

Mecholyl bromide is less hygroscopic than the chloride and is suit- 
able for use in tablet form. It is used only orally, the chloride being 
preferred for iontophoresis. The bromide is administered in doses of 
0.2 to 0.6 gram (1 to 3 tablets) two or three times daily. If a total daily 
dose of 2 grams is ineffective, its use should be abandoned in favor of 
the chloride administered subcutaneously, by local application, or bv 
iontophoresis. 

Mecholyl may be used as a diagnostic and prognostic test in cases of 
suspected poisoning by the atropine series of drugs (Damcshek and 
Feinsilvcr). In the presence of a very small amount of the drugs of the 
atropine series, mecholyl fails to cause its characteristic effects. 

Carbaminoylcholine (Carbachol) 

Cnrbaminoyjcholine differs from acetylcholine in having an NHj 
group instead of CHs. It was introduced into therapeutics in 1932 
under the trade-names, doryl and lentin, ns a substitute for acetylcholine. 

(CfI,),~NCHiCII 1 OCO NH„ 

Ah 

Carbaminoylcholine lias an activity on the blood-pressure about 
equal to that of acetylcholine but it is much more stable and is effective 
when given by mouth. Administered to roan intravenously in doses of 
0,25 to 0,5 mg., carbaminoylcholine causes a rapid fail in both systolic 
and diastolic blood-pressure "with a marked rise in pulse rate. These 
changes reach their maximum in about thirty seconds and then pass off 
equally rapidly. They may be accompanied by flushing of.thc head and 
neck and n feeling of heat throughout the lx>dy and a sensation of con- 
striction in the throat and chest. These symptoms also pass off quickly. 

When the drug is given by intramuscular injection, the symptoms 
20 
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are much the same as those described, except that their onset is slower 
and their duration more prolonged. The flushing and feeling of heat 
may be accompanied by salivation, lacrimation, sweating, a feeling of 
constriction in the throat, nausea, and a feeling of unrest in the abdomen. 
These symptoms, like the circulatory changes, usually pass off in about 
one-half hour. In some cases, they are quite severe and may lead to 
collapse. In such cases, prompt recovery follows an injection of atropine. 

Carbaminoylcholine in the form of its hydrochloride lias been used 
in the form of 0.2 and 0.4 mg. tablets for oral use and for hypodermic 
injection as well as in solution for application to mucous membranes. 
The drug has a more pronounced action on the gastro-intestinal tract 
and urinary bladder and lesser effect upon the heart, as compared to 
acetyl-/3-methylchoiine. 

In the eye in glaucoma, dilute solutions (0.75 per cent) instilled into 
the conjunctival sac will cause a marked constriction of the iris and 
lowering of the intra-ocular pressure. For this purpose it may be com- 
bined with a very small amount of physostigmine, the latter drug 
intensifying and prolonging the action. 

In general, the action of this compound in man is much the same as 
that of acetylcholine itself, except that the action is more prolonged 
and can be induced by intramuscular and subcutaneous administration 
as well as by the oral route, although the latter method is less reliable. 

Carbaminoylcholine has found its principal clinical application in the 
treatment of urinary retention. The effective dose is 0.25 mg. injected 
subcutaneously. However, great care must be exercised in the use of 
the drug since untoward reactions are frequent. These are not readily 
counteracted by the usual therapeutic dose of atropine (0.6 mg.). 

Carbaminoycholine or carbachol is official in the British Pharma- 
copoeia under the title Carbacholum. 
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3. Physostigmine and Neostigmine 

Physostigmine or Eserine is the chief alkaloid of the Calabar bean, 
or Ordeal bean (Physostigma venenosum), which grows in Western 
Africa and was employed there by the natives in the trials by ordeal 
for witchcraft. Either physostigmine itself, or a nearly allied alkaloid, 
occurs also in the Kali or Cali nuts, tlse seeds of Mvcnna mens The 
constitution of physostigmine (CisH 2 iNjOj) is given below. 


CHiCONH-O C 


CH« 

I 


c c cn, 

c/N/^V 

a 1 I 

CH» CH. 


It has been prepared synthetically (Julian and Pike). 

The actions of physostigmine were first examined in detail by Fraser 
who described (1SG3-186S) the constriction of the pupil, slowing of the 
heart, and increase of glandular secretions produced by this alkaloid. 
Later it was clashed with muscarine in that its effects could be partly 
explained by its stimulating parasympathetic nerve-ends. Hunt (PUS) 
found that it had a sensitizing effect on the actions of acetylcholine and 
later Loewi showed that minute amounts of physostigmine inhibited 
tbc activity of the specific esterase wind) inactivntrs acetylcholine. 

-The peripheral actions of physostigmine arc therefore partly indirect, 
due to its prolonging the action of acetylcholine liberated at the nerve- 
ends and probably partly to a direct action of the alkaloid itself. (See 
page 445.) 

A number of other alkaloids have been stated to occur in Calabar 
bean, but their existence is not sufficiently established in most cases 
and little is know n of their action The} have been named Calabarine, 
hopJiy3Q3(igmvie, Gaiescnnc, Escndmc, etc. According to Ileatheote, 
cscridine pos^c'ses about one-tenth of the activity of physostigmine 
and acts similarly. 

Symptoms. —The sjmptoms of poisoning van- but little in different 
animal*; in the dog and rabbit the first results of a large dose of pby-o- 
stigmine are weakness in the voluntary movements and n curious tremor 
and muscular twitching, beginning in the hind legs, but »oo» extend- 
ing over tbc whole body. The animal falls on one side ami cannot 
raise itself again, although it makes efforts to do so when touched. The 
saliva and tears arc increased, the bowel is often evacuated and in the 
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dog vomiting is common. The respiration is at first rapid and deep, 
and later slow and dyspneic, the heart is weak and slow, and the pupil 
is contracted to a small point. These symptoms become more marked 
as more of the poison reaches the blood, until the respiration ceases. 
In cats these symptoms of depression and paralysis are preceded by a 
stage of increased movement and evident anxiety, but the later symp- 
toms resemble those in the dog. In man physostigmine elicits prac- 
tically the same results as in the dog, vomiting and pain in the stomach 
region, dyspnea, giddiness and muscular weakness, contraction of the 
pupil, salivation, and perspiration. The heart is slow, muscular twitch- 
ing may be present, and complete collapse follows. In frogs the volun- 
tary movements disappear soon after the injection of physostigmine, 
the respiration ceases, and last of all the reflexes are paralyzed. 

Central Nervous System.— In cases of poisoning in man, the conscious- 
ness is preserved until late, which indicates that the highest functions 
of the brain are not directly affected by physostigmine. The motor 
cerebral cortex is apparently rendered more excitable, for in epileptics 
the number and intensity of the seizures increase under its use, and in 
guinea-pigs rendered epileptic by operative procedures the same aggra- 
vation is seen after it. In the dog epileptiform convulsions occur occa- 
sionally, while in the cat a stage of excitement is generally present, and 
irregular muscular movements, such as nystagmus, are seen in these 
and other animals. It is possible, however, that some of these effects 
may arise from the peripheral action of the poison, for example from 
the partial asphyxia from broncho-constriction; they all disappear 
after the injection of atropine. The depression and muscular weakness 
which are seen in animals under large doses probably arise from affection 
of lower parts of the central nervous sj’stem and resemble the condition 
known as collapse more than that of narcosis. 

Quite apart from these central effects, physostigmine causes twitching 
of the voluntary muscles which is not prevented by division of the 
nerves and is therefore peripheral in origin; this symptom is not marked 
in the frog, but may be so developed in mammals as to simulate con- 
vulsions. It is arrested by curare, but not by atropine. Curare and 
physostigmine are mutual antagonists, for the paralysis of curare may 
be removed by physostigmine and on the other hand the twitching 
induced by physostigmine is arrested by curare; and this suggests that 
they act at the same point. Acetylcholine produces a similar effect on 
muscle which is accentuated by physostigmine. It is probable, therefore, 
that the fibrillary twitches produced by physostigmine are really due 
to acetylcholine (Simonart). 

•’ 


choline transmission of the nerve impulse tnrougn me fajuiapses, oy 

lowering the threshold of the ganglionic cells to acetylcholine or by increasing 
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the amount of acetylcholine available by preventing its destruction by the 
choline esterase. 

There is also a mutual antagonistic action between atropine and phvsostic- 
raine as relatively small doses of atropine will protect the animal against the 
action of physostigmine on the secretory system, on the smooth muscle, and also 
prevent the dome convulsions characteristic of toxic doses of the drug It does 
not prevent the muscular fibrillation of physostigmine, and its antagonism 
against the effect on the respiration is incomplete 

The Respiration is at first somewhat accelerated and then becomes 
slow and weak. The preliminary acceleration may Arise from central 
Stimulation, or possibly from partial asphyxia due to constriction of the 
bronchi. The subsequent weaJcness and slcmness of the breathing is 
undoubtedly of central origin, and death follows from the failure of the 
respiratory' center. 

The changes in the Circulation require further investigation Small 
doses slow the pulse and increase the blood-pressure, while larger doses 
ore followed by greater slowing of the heart and a fall in the blood- 
pressure. In tlie dog the slowing of the heart is due to stimulation of 
the vagal terminations and is prevented by atropine, but in the rabbit 
and frog this does not occur (Heatheote). According to several observers, 
the irritability of the terminations of the inhibitory fibers in the heart 
is increased - , so that stimulation of t he vagus is wore effective after 
physostigmine— an observation that readily falls into line with the view 
that vagus stimulation causes an output of acetylcholine and that physo- 
stigminc augments this action by inhibiting the effect of cholinesterase. 

The increased blood-pressure has also been the subject of some dis- 
cussion. It seems independent, in part at least, of the vasomotor center, 
for it is not prevented by section of the spinal cord or of the splanchnic 
nerves, operations which prevent impulses from the center reaching 
the vessels. It may be partly due to the powerful contraction of the 
intestines expelling the blood from the mesenteric area, or to a stimula- 
tion of the vasomotor 'ganglia. 

The frog’s heart beats more slowly after physostigmine, but here the 
individual contractions arc said to be strengthened and prolonged, and 
there is definite evidence of stimulation of the heart muscle, which is 
not seen in mammals. If the vagus be stimulated in the frog after 
physostigmine, it produces slowing but no complete standstill of the 
heart, because the irritability of the muscle is .so much augmented that 
the inhibitory apparatus can no longer entirely control it. If such n 
poison as muscarine produces complete standstill, physostigmine removes 
it, not by depressing the inhibitory apparatus, but by increasing the 
irritability of the muscle. 

The Secretions are increased by physostigmine as by pilocarpine and 
muscarine; thus the salira, the tears, the perspiration, the mums secret ion 
and the pancreatic juice are all augmented. 

‘Muscle.— Physostigmine pro* luces powerful contractions of the 
Stomach, Intestine, Uterus, Urcfcr, Madder, Spleen and lirunchial 
Muscle resembling those elicited by muscarine and pilocarpine. 

The Intra-ocular Muscle* nl-o undergo contraction, and their move- 
ments under physostigmine have been the subject of a large number of 
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investigations and of a good deal of controversy. The pupil contracts 
when physostigmine is employed either locally or internally, and this 
contraction may be lessened by the subsequent application of qtropine, 
but is not altogether removed except by large quantities. On the other 
hand, the dilatation of the pupil produced by small quantities of atropine 
may be diminished by physostigmine, but the resulting contraction is 
much less than that caused by physostigmine applied to the normal 
eye. The ciliary muscle is acted on in the same way as the iris, so that 
the eye becomes accommodated for near distance, and atropine induces 
the same modifications. After removal of the ciliary ganglion, physostig- 
mine and neostigmine no longer constrict the pupil (Anderson). This is 
to be anticipated if one assumes that these drugs do* not stimulate 
directly the muscle of the iris but only act through their effects in inac- 
tivating cholinesterase with the consequent preservation of the stimulant 
quantities of acetylcholine. The last named substance will obviously 
only be present when the ganglion cells are intact or the postganglionic 
fibers are stimulated (Leopold and Comroe). The intra-ocular pressure 
is reduced by the application of physostigmine to the eye and this has 
generally been attributed to the contraction of the pupil facilitating 
the escape of the fluid by allowing it freer access to the spaces of Fontana. 
Another factor may be contraction of the intra-ocular vessels, which 
lessens the secretion. 

The effects of physostigmine, then, on the secretory organs, pupil 
and ciliary muscle are strictly analogous, and are generally attributed 
to the alkaloid stimulating the terminations of the nerves in these 
organs. The antagonism of physostigmine to atropine is more complete 
than that of pilocarpine, for a renewal of the contraction can be elicited 
more easily by the former alkaloid. In the stomach physostigmine pro- 
duces an increase in tone in from three to ten minutes, the organ becom- 
ing smaller and the outline sharper. This increased tone may last for 
an hour. The peristaltic waves are deep and powerful and force the 
gastric contents through the pylorus more rapidly than normal. These 
effects of physostigmine on the stomach may be of value when roent- 
genological examinations of the organ are being made. 

Peripheral Action.— It has been discussed whether physostigmine 
actually stimulates the myoneural junctions, that is, causes impulses to 
be emitted by them as pilocarpine does, or whether it merely renders 
them more sensitive to stimuli descending the nerve fibers; the latter 
seems to be the case in some instances, for it is found that when die 
chorda tympani nerve is cut physostigmine often fails to cause secretion, 
though electrical stimulation of the nerve is more efficient than before. 
In other instances physostigmine appears to act after the impulses 
from above are excluded, so that here it has the same action as pilo- 
carpine. It is possible that the failure of physostigmine to contract 
the pupil after degeneration of the postganglionic ciliary branches may 
be due to the exclusion of the impulses from the centers (Loewi and 
Mansfeld). Another explanation of the action of physostigmine is pro- 
vided by Loewi, which relates it to the humoral transmission of para- 
sympathetic impulses (v. Acetylcholine, page 445). He found that 
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acetylcholine is readily destroyed by an esterase in the blood ami tissues 
and that physostigmine lias a specific effect in preventing tin's destruc- 
tion. This would explain its failure to act on denervated organs in which 
no acetylcholine is liberated. Stedxsan lias found that, of a series of 
compounds related to physostigmine, those which exhibited miotic 
activity also possessed the property of inhibiting the activity of esterases. 
This supports the probability that the actions of physostigmine are 
due to its inhibiting the activity of cholinesterase. Whether tins effeSt 
on esterases accounts for the entire pharmacological activity of physo- 
stigmine or whether the alkaloid has an additional direct action has been 
recently investigated by Manning, Lang and Hall who have shown that 
amounts of physostigmine which are too small to produce demonstrable 
pharmacological effects will yet be sufficient to inhibit the cholinesterase 
and at the same time enhance parasympathetic excitability. 

The alkaloid itself does not elicit its own specific pharmacological 
response until a sufficient dose h given to exceed the quantity necessary 
to inhibit the esterase to a maximal degree. 

The effect of the inhibition of the cholinesterase is to prevent the 
rapid destruction of acetylcholine with resulting exaggeration of the 
effects of vagus stimulation or of amounts of acctj (choline which might 
be injected. When the saturation point of the enzyme system by physo- 
stigminc is reached, inhibition is maximal and now additional amounts 
of the alkaloid will produce parasympathetic effects. 

The action of physosligmine is further complicated by its increasing 
the amount of epinephrine secreted into the blood. This may net in 
the same direction as physostigmine, for example, on the motor fibers 
of the uterus, or may oppose it, for example, bv inhibiting the move- 
ments of the intestine which physostigmine augments, in some condi- 
tions the injection of physostigmine may actually arrest pcristahK from 
this secondary effect. 

Physostigmine increases the blood sugar of rats, the maximum 
increase being in one hour with return to normal in two hours. This 
action is prevented by the previous administration of atropine. 

Physostigmine and strychnine arc said to act syncrgisticaUy in the 
production of hyperglycemia in rats, the combination of both drugs 
producing a greater increase in blood sugar than the sum of effects of 
each given separately. 

Sonic physostigmine is Excreted in the urine, but most of that ingested 
is destroyed in the tissues. It has also been found in the saliva mid bile. 

The symptoms of poisoning with Calabar bean arc identical with 
those caused by physostigmine, except when an old preparation is 
used, when some stimulation of the spinal com! may be induced. 

Therapeutic Uses.— Physostigmine is used chiefly fur its action on 
the intra-oeular muscles and tension. For this purpose a solution of 
i to 1 per cent is dropped i» the eye, 2 to <1 drops at a tune, or small 
discs of gelatin impregnated with the alkaloid may lw applied to the 
conjunctiva (B. P.). The pupil begins to contract in five to fifteen min- 
utes, and attains its smallest size in half an hour. It remains contracted 
twelve to fourteen hours; according to some observers a difference in 
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the size of the' two pupils may be made out for several days. The ciliary 
muscle contracts along with the iris, and vision becomes accommodated 
for short distances: This action on the accommodation passes off in 
two to four hours, but the sight is often rendered indistinct for some 
hours. . The action of physostigmine on the eye differs from that of 
muscarine, for the former acts more on the pupil, the latter on the 

ciliary muscle, and the r*v •*; * ’ ] r physostigmine while 

the accommodation is : . .■ • ' . intra-ocular pressure 

is somewhat increased • ■ ■ ■ ■ . ; . ! v sinks. Its action in 

narrowing the pupil after atropine lias been made use of to remove the 
dilatation produced so frequently in ophthalmological practice. It 
antagonizes the dilatation of the pupil after homatropine and cocaine 
much more successfully than that due to atropine. Physostigmine is 
extensively employed to reduce the intra-ocular pressure in glaucoma. 

In 1934, Walker introduced the use of physostigmine for the symp- 
tomatic control of myasthenia gravis a condition characterized by easy 
fatigability and paresis of the voluntary muscles which resembles that 
which occurs in curare poisoning. She subsequently found that neo- 
stigmine exerts a similar effect and has certain advantages over physo- 
stigmine which it has replaced in the treatment of myasthenia gravis. 

Neostigmine 

The fact that the physiological activity of physostigmine disappears 
on hydrolysis suggested to Stedman that its activity was due to the 
urethan grouping (cf, formula, page 451). He prepared a number of 
substances containing this group and found that these also possess a 
miotic action similar to that of physostigmine. In general, all com- 
pounds of the general formula RNHCOOCbH JV, where R is a methyl 
or ethyl group and R' a basic substituent such as — N(CH S ) 2 are active. 
The activity is greatest when R is a methyl group, as occurs in physo- 
stigmine itself. Aeschlimann and Reinert investigated a further series 
of such compounds and showed that one of these (the dimethyl-carbamic 
ester of 3-hydroxypbenyl-trimethylammonium-methyIsuIfate) was as 
active as physostigmine in stimulating intestinal peristalsis but had less 
effect on the heart and circulation. This compound which has the fol- 
lowing formula: 

^^|OCON(CH,), 

„ N(CBj)jSO«CHi 

was introduced into medicine under the trade-name, " Prostigmin,” and 
has been extensively used as a substitute for physostigmine in the treat- 
ment of intestinal atony and of myasthenia gravis with successful 
results. It is officially designated as Neostigmine. _ ^ 

Neostigmine has the advantage over physostigmine of beii?g more 
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stabter-W&en in toxic doses, it produces symptoms similar to those 
of physostigmine. These symptoms are counteracted by atropine. 

Neostigmine is available in the form of its salt, neostigmine bromide, 
which is used in the treatment of myasthenia gravis. One 15 mg. tablet 
is administered three times daily but if necessary this dose may be 
cautiously increased to 30 mg. three times daily. For parenteral admin- 
istration, neostigmine methyfeuifatc which is available in 1 cc. ampules 
of a 1:2000 and 1:4000 solution, is used. These solutions are admin* 
istcred subcutaneously or intramuscularly in doses of 1 cc. for the relief 
of abdominal distention for the prevention of atony of the intestinal 
and bladder musculature, and for the symptomatic treatment of myas- 
thenia gravis. The use of neostigmine has also been advocated in 
poliomyelitis to relieve muscular spasm and aid in the re-establishment 
of musdc coordination. 

On the human stomach Veach, Laner and James found that neostigmine 
exerted an inhibitory action and that atropine following it produced a motor 
effect. However, if atropine were given first exerting its usual inhibitory action, 
a subsequent injection of neostigmine had a stimulating effect Neostigmine is 
constantly motor to the colon and this action is removed by atropine. 

Neostigmine exerts a definite synergistic action on the effects of mechofyl 
(acctyl-beta-mcthyl-chobne chloride) on the sweat glands, flushing, gastric 
secretion and cardiovascular system in man. Tor instance, neostigmine itself 
produces no sweating, flushing or lacnmation, and mecholyl produces theso 
effects only to a minor degree but if mecholyl is given a fen minutes after a small 
dose of neostigmine, it is followed by a very' marked reaction Tina reaction 
may take the form of local sweating, or in case of the gastric secretion, the acid 
content drops very suddenly and the quantity of gastric juice increases greatly. 

In the cardiovascular system the synergistic action is equally well marked. 
Doses of 5 mg. of mecholyl may cause a alight increase m heart rate and blood- 
pressure, rarely a fall in pressure. If the mecholyl is given a few minutes after 
0 5 mg. of neostigmine, the reaction is usually very pronounced, even leading 
to collapse There is a very pronounced fall in blood-pressure together with an 
increase in pulse rate followed bj a marked fall With larger doses of mecholyl 
following the neostigmine, the cardiac changes arc more set ere— with emus 
bradycardia and partial or total heart block These effects can be prevented 
or removed by the use of atropine 

Certain substances w Inch arc related to physostigrrune other than neostig- 
mine have also an anticurare action. Perhaps the best known is the metbyl- 
phenyi ctvrbamic 'ester of 3'Ovyphcnj i tnmcthyl ammonium methyl sulfate 
(substance 36). This compound h3s been shown to act antagonistically to 
curare and like neostigmine it hat been used successfully i» myasthenia gravis. 

Guanidine, NHC(NHi),, and mothylguanidme, NHCNH.NTICH,, two bases 
occurring in animals and plants, resemble phjsosligmme m their effect. 8 , causing 
fibrillary twitching of the mu-dcs, which is opjxised by curare and obviously 
arises from stimulation of the same rmonoural receptors as arc affected by 
physosttgmmc. Vomiting, salivation, bronchial spa*m al«o occur a? under 
ph} sostigmme. On the other haw-d, the central nervous stem is more distinctly 
stimulated, for violent c onvubMn* are induced to guanidine, there arising 
partly from the brrun and partly from the cord 

Synthalm, the dccamcthj lene derivative of diguamdine, {CH,)„(NH, Nil- 
C Nff)». H tes^ toxic than guanidine but show « n more pronounced hypoglycemic 
effect This results from it » tone effects on the liver The use of this or related 
compounds in diabetes is irrational and harmful Extracts of certain plants 
exert a similar lixpoglvcemie effect and arc the l*«w for quack remedies for 
diabetic. 
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Di-isopropyl Fluorophosphate 

Di-isopropyl, fluorophosphate (DFP) is the di-isopropyl ester of 
fiuorophosphoric acid with the structure shown in the accompanying 
formula. . It was developed during the recent war as a possible weapon 
for inducing paralysis of the nerves. The fluorophosphates as a group 
inhibit cholinesterase, this action being enhanced when alkyl groups 
are substituted for the hydrogen which also renders the compounds 
highly' lipid soluble. 

0 

1 

C1H7O— P— ociitf 


Di-isopropyl fluorophosphate (DFP) is not only highly active as an 
anti-cholinesterase but the inhibition of cholinesterase activity is ir- 
reversible. Hence only by the synthesis of new enzyme can the ability 
of the tissues to hydrolyze acetylcholine be restored. By injecting 
DFP it is possible to completely inhibit the cholinesterase of the serum 
without affecting significantly that present in other tissues. The 
compound has been used experimentally in an attempt to elucidate the 
role of acetylcholine in the transmission of the nerve impulse. It lias 
been demonstrated, for example, that no disturbance in conduction of 
the isolated sciatic nerve of the frog follows complete destruction of 
cholinesterase, a finding which is incompatible with the view that acetyl- 
choline plays a role in axonal conduction. 

DFP lias been tried experimentally as a possible therapeutic agent in 
the treatment of myasthenia gravis, glaucoma and other conditions in 
which inhibition of cholinesterase is desirable. Undesirable side effects 
especially on the gastro-intcstinal tract preclude its use in maximally 
effective doses in myasthenia gravis. In glaucoma, on the other hand, 
it has proven superior to other miotics in reducing intraocular pressure, 
in some patients. 

Preparations 


Puysostiomine Salicylas, eserine salicylate. Dose (U. S. P.), 2 mg.; B. P., 
0.0006 to 0.0012 gram. 

Lamelbe Prysostigmine (B. P.), each containing 0.065 mg. of physostig- 
mine salicylate. 

The s " '. * ’ ' colorless or faintly yellow crystals, 

without . 1 . The salicylate has usually a slight 

acid reai parts of cold, or 30 parts of boiling 

water. * * ■ cept in solution and then assumes a 

reddish- . or sulfurous acid to the solution is 

said to i . ’ 

Neostigmine Bromidum (U. S. P.), a white powder, soluble in water. Dose, 
35 mg. orally. 

Tabelle Neostigmine Bromidi (U, S. P.). Dose, 15 mg. 

Neostigmine Methyxsulfas (U. S. P.). Dose, 0.5 mg., subcutaneously. 

Injectio Neostigmine Methylsulfatis (U. S. P.). Dose, 0.5 mg., sub- 
cutaneously. 
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4. Pilocarpine 


Pilocarpine is an alkaloid found with Isopilocarpine in the Icaics of 
several species of Pilocarpus. It has the following structural formula: 


CtH, CII — CH CH, C N CH. 


OC CH, 

\ 

o 


HC CH 
\ /■ 


N 


Pilocarpine stimulates the terminations of the postganglionic fibers of 
the parasympathetic nerves. It therefore acts in the same way as 
muscarine and the symptoms produced by both arc nearly identical. 
Pilocarpine does not potentiate the actions of acetylcholine ns does 
physostigmine. 

Pilocarpine stimulates the secretion of all glands innervated by the 
parasympathetic nerves, c. g., salivary, lacrimal, gastric, intestinal and 
bronchial glands. The salivary secretion may amount to one-half liter 
or more in the course of two or three hours after an injection of pilo- 
carpine, while the skin and lungs excrete even a larger quantity of 



460 


SUBSTANCES ACTING AFTER ABSORPTION 


fluid in the same time. The weight is thus considerably reduced by 
pilocarpine, owing to the loss of fluid, which may, according to some 
authors, amount to_2 to 4 kilograms after a single dose. The increased 
activity of the glands is accompanied by an acceleration of the blood 
current through them. This may be partly due to the increased activity 
of the glands, though pilocarpine may also have a direct dilator effect 
on the vessels supplying them. 

Pilocarpine produces a profuse secretion from the bronchial glands. 
Large doses may produce dangerous pulmonary edema from aspiration 
of fluid as well as from the depression of the circulation. 

The sweat glands, though innervated by the sympathetic, are also 
stimulated by pilocarpine. In man it is found that, in cases of complete 
interruption of the nervous paths in the cord, small doses of pilocarpine 
cause no sweating in the lower part of the body. This docs not seem due 
to the division of the secretory fibers proper, for division of the sympa- 
thetic nerves nlone does not impair the sweating under pilocarpine; 
more probably the failure of pilocarpine to cause sweating in these cases 
arises from the disturbance of the circulation through the break m the 
afferent and vasodilator path (Burn). All those effects on glands are 
prevented by atropine, as is shown for the gastric secretion in Fig. 24. 



Salivary glands which have had the chorda tympani cut respond to 
the injection of pilocarpine more promptly and more vigorously than 
do the normal intact glands. This increased response which appears in 
two or three weeks after cutting the nerve was found to exist undimin- 
ished for a year afterwards. No explanation can be given for this 
increased response to the drug. 

Pilocarpine also stimulates the parasympathetic effector cells in invol- 
untary muscle, e. g., of the alimentary canal, bronchi, spleen, bladder, 
ureters, etc. Repeated evacuations of the intestines may occur from 
stimulation of both muscle and glands. There may be frequent empty- 
ing of the bladder with straining. Retching and vomiting occur less 
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often with pilocarpine than with muscarine. Pilocarpine causes con- 
traction ofthe pupil, and of the ciliary muscle, with a lowering of intra- 
ocular pressure. Thepupff of the rat is exceptional in being dilated by 
pilocarpine. Pilocarpine has no effect on the pupil in birds, in w Inch the 
muscle of the iris is striated. 

The effects produced by pilocarpine on the circulation are somewhat 
variable according to the species as well as the dose administered. They 
differ in some respects from those produced by muscarine, Like mus- 
carine, pilocarpine locally applied causes slowing or actual diastolic 
standstill of the heart from stimulation of the vagus endings, an effect 
prevented by atropine When injected intravenously pilocarpine pro- 
duces, in rabbits and cats a Fall of Idood-prcssure due to slowing of the 
heart and dilatation of the arterioles. Pilocarpine differs from muscarine 
here in several particulars, for it soon depresses the inhibitory fibers 
and the heart regains its former rhythm, but the cardiac muscle is then 
affected, so that the contractions rapidly become weaker and slower 
again, and this secondary slowing is not removed by atropine, the vaso- 
motor center aho becomes gradually weakened by large doses, so that 
the blood-vessels remain somewhat dilated, and the arterial tension 
remains low even after atropine. In the decapitate (but not in the 
decerebrate nor in the anesthetized) cat, the fall of blood-pressure which 
follows on the injection of pilocarpine, is succeeded by a secondary rise 
of considerable height and duration. This may be due to a stimulant 
action on the preganglionic sympathetic filwrs (Heaton and MacKeith), 
which tnay explain some of the anomalous effects tin the circulation 
produced by pilocarpine. In dogs and in man, the stimulation of the 
inhibitory fibers seems sometimes to lie absent, and acceleration of the 
pubc occurs, accompanied by palpitation, with a r'hc of Wood-pressure. 

Pilocarpine increases the Leucocytes of the blood, which are pressed 
out of the spleen by the contractions of the smooth muscle. 

Administered to normal rata pilocarpine causes a marked increase in 
Mood sugar, the maximum effect being attained in fifteen minutes with 
return to the norma} level in one hour T ht^c changes in blood trug.ir 
are prevented by the ad ministration of ntropinc. 

Some sy tnptoms occur in cases of poisoning which jx»int to some action 
of the alkaloid on the Central Nervous System Tims frogs develop well- 
marked convulsions, and even in the higher animals and man tremor 
nwl slight convulsive movement?, vucb as hiccough, haw Ihtji observed. 
The colhip-e which is 'con in the later 'tapes may !*■ central In origin 
hut probably is largely the result of the jieripheral action, and the con- 
vulsions, which iKTur in -woe cases. ari-e from anemia of the {train ft? 
the result of the cardiac weakness. 

Therapeutic Uses ot Pilocarpine. It* action on the «*r.at gland* ren- 
dir* pilocarpine much the most powerful sudorific in the pharmacopeia, 
but it is met! only rarely now for this purjto'C Its principal use thera- 
peiitjenlb is as n miotic m ophthalmology to contrail the pupil and 
reduce the intr.i -ocular pres-ure. particularly mghmuma. I 
cent solution of the ltydr»*cliloridc or a 2 per ernt solution of the nitrate 
ore empjovtd for this purpose 'Hie drug may nln» t>c applied to the 
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conjunctiva in the form of an ointment or in gelatin lamella containing 
\ mg. of the drug. 

The contraction of the pupil generally attains its maximum in about 
one-half to one hour, and passes off in three to five hours; it is less com- 
plete and of shorter duration than that seen after physostigmine. Pilo- 
carpine is said to first increase and then lower the intra-ocular tension. 

Pilocarpine has also been advocated to relieve the itching which 
accompanies liver disorders, in labyrinthine disease of the middle ear, 
in xerostomia, and as an expectorant. 

In cases of atropine poisoning, the use of pilocarpine is quite unjusti- 
fied as the danger arises from the central nervous system in which the 
action of atropine is not antagonized by pilocarpine. In poisoning from 
pilocarpine or muscarine small quantities of atropine are the antidote 
recommended alike by pharmacological experiment and by clinical 
experience. 

Poisoning due to pilocarpine is rare, the symptoms resembling those of mus- 
carine intoxication. 

H 
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m. SUBSTANCES DEPRESSING PARASYMPATHETIC ACTIVITY 


1. The Atropine Series 


The atropine series contains & number of very closely allied alkaloids 
of which the chief are Atropine, Ilyosryaminc and Ilyoscine or Sco- 
pohminc They are found in tlic roots and leaves of many plants of the 
Solanacca; order, notably belladonna ( Atropa belladonna), henbane 
(Hyoxnjamus niger) and the thorn apple or jimson need ( Datura 
stramonium). 



Tcopsac 


Tropifle 


Chemistry. —The alkaloids of this group are derived from a combina- 
tion of a piperidine and a pyrrolidine ring, designated as tropane. The 
3-b> droxy derivative of tropane is known as tropine and is tlic basic 
component of atropine. When atropine is hydrolyzed, it forms tropine 
and tropic oeid. The latter is ct-phcnyl*£l*hydroxypropionie acid. Atro- 
pine as shown in the accompanying formula is the tropic acid ester of 
tropine. It has been prepared synthetically. Tropic acid contains an 
asymmetric carbon atom. The racemic compound (atropine) ns obtained 
naturally or ns synthesized is resolved into its optically active com- 
ponents, rf- nml /-byoscyarainc. Atropine is rarcmic byo^cynmine, that 
is, it consists of equal parts of levo-ln o^cyamine and dextro-hj o«cya- 
minc, lmt, ns the latter is only feebly active in the IkkIv. the action of 
atropine is practically that of its lev o-h\ osevamihe half. I^vo-h.so'-cya* 
mine is formed in the plants, but is readily changed to atropine in the 
plant cells and abo in tlic process of extraction, so that tlic relative 
proportion of the isomers in the plants and in the preparations varies. 
However, atropine itself dors exist in small amount as such in the plants 
although most of it is formed from the f-hyoscynminc in the process oh 
extraction. 

Ihjmcinc or Sco]>olaminc (CuH:iN*0«) is very closely allied to atro- 
pine, ami is decomposed by very mihl hydrolysis into its components— 
tropic acid ami scopinc. 


i ir,c~K 

— C— -« CHi 


AtjeylBf 

fsxqwl.umne U levomtatorv, but is readily race mi red to the d, /-form 
known as olwcir.e. When hydrolyzed in the usual «»y, •copolanune 
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forms tropic acid and scopolinc (oscine), a compound into which scopine 
also readily passes by molecular rearrangement. 



Scopolamine (hyoscine) 


A number of related compounds are also present in the Solanaceous 
plants and in some Duboisia and Scopolia species. Apoatropine (atropa- 
mine) which is found in belladonna root may also be prepared syn- 
thetically by dehydrating atropine. It is an ester of tropine and atropic 
acid (tt-phenylacrylic acid). Belladonnine, an isomer of apoatropine, 
also is present in belladonna root. Norhyoscyamine (pseudohyoscya- 
mine) present in Duboisia, Scopolia and Datura consists of tropic acid 
and Nortropine, a tropine containing an NH group in place of NCHj. 

After atropine had been found to be a compound of tropine and 
tropic acid, a number of other acids were attached to tropine in the 
same way as tropic acid. These artificial alkaloids are known as Tro- 
peines, and in action resemble atropine in some points while differing 
from it in others. Several artificial tropeines have been introduced in 
medicine, the most important of which is the ester of tropine and 
mandelic acid known as Homatropine. 



Noratropine 


The methylbromide of homatropine, novatropine, and the correspond- 
ing methyl nitrate derivative, eumydrine, are also used in therapeutics. 
Other synthetic compounds (eucatropine, syntropan, trasentin) intro- 
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duced as substitutes for atropine consist of esters of tertiary amino 
bases and are only remotely related to atropine chemically. 

These alkaloids all resemble each other closely in the effects produced 
by them in animals. Some differences in the symptoms exist, however, 
and the action of atropine alone will first be described and later the 
points in which that of hyoseyaminc and of scopolamine differ from it. 

Atropine acts as a stimulant, and in toxic doses as a depressant, to the 
central nervous system. It also affects a number of organs, especially 
those containing smooth muscle or secreting glands, producing its effects 
largely by paralyzing the terminations of the parasympathetic nerves. 

Symptoms.— In man, 06 mg. causes some dryness of the mouth and 
throat, and thirst, the skin also feels dry, and the heart may be accel- 
erated after a short period of slowing. Doses of 2 5 mg. are followed 
by marked dryness of the skin and throat, thirst, difficulty in swallowing 
and hoarseness in speaking. There is often nausea, and in some cases 
vomiting, headache, and giddiness; the pupils arc wider than normal 
and the sight may be indistinct, especially for near objects. The res- 
piration may be quicker and the pulse often beats at one hundred per 
minute or more. A symptom that is often present, though by no means 
invariably so, is redness of the skin, especially of the head and neck; 
the conjunctiva may also be congested. After larger doses the same 
symptoms are observed, but are soon followed by others of graver 
import. The patient can no longer swallow, although suffering from 
intense thirst, the heart is generally extremely rapid, speech is difficult 
and hoarse, and the pupils are dilated until the iris almost disappears. 
Restlessness and garrulity point to an increase in the irritability of the 
brain; the patient at first talks in a perfectly normal way but soon 
becomes confused, begins a sentence and does not finish it, often bursts 
into laughter or sobs, and in short becomes delirious and eventually 
maniacal. Often marked tremor of different muscles may be observed, 
and eventually convulsions set in and may be the cause of death through 
the failure of the respiration. As a general rule, however, the stage of 
excitement passes into one of depression, the patient sinks into a sleep, 
which deepens into stupor and coma, the respiration and heart become 
slow, weak and irregular, and death eventually occurs from asphyxia. 

In the frog the injection of small quantities of atropine is followed 
by a period of depression and paralysis of the peripheral nerve termina- 
tions resembling that seen under curare; after a few days there super- 
venes a stage of increased reflex excitability and tonic convulsions 
indistinguishable from those seen under strychnine. This stage slowly 
passes off. and the animal again becomes normal. 

Action.— These symptoms in man and other mammals, indicate 
stimulation of the Central Nervous System followed by depression. 
Those observed in man sometimes resemble those seen in the excite- 
ment stage of alcohol poisoning, and it has been suggested that m both 
the cause is rather a lessening of the control normally’ exercised by 
the higher powers over the lower motor areas than a true stimulation 
of the latter. But this is shown to be incorrect by the fact that in 
atropine poisoning the motor area is more easily stimulated by the 
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electric current than normally. .The stimulant action of atropine is 
also seen in the increased reflex response to irritation of the skin, as 
well as in the augmented activity of the centers in the medulla. The 
nervous symptoms under atropine, therefore, arise from true stimula- 
tion of the central nervous system, but they are wholly different from 
those produced by strychnine, because the latter acts especially on the 
lower parts of the nervous axis, while atropine acts more strongly- on 
the higher divisions. The most marked symptoms of strychnine poison- 
ing arise from the spinal cord and medulla oblongata, and consist in 
increased reflex movements and convulsions, while those caused by 
atropine arc rather to be referred to the brain, and consist of increased 
coordinated movements, such as talking and delirium, the exaggerated 
reflex being of minor importance. 

Atropine differs from caffeine, on the other hand, in its effect on the 
brain, for under the latter the psychical functions are those affected 
first of all. It would seem probable, then, that each of these drugs 
stimulates the whole of the central nervous system more or less, but 
that while strychnine acts more strongly on the lower divisions, the 
spinal cord and medulla, and caffeine on the highest functions, the 
psychical, atropine occupies a midway position, and exercises its chief 
action on the motor divisions of the brain; These are rendered so 
excitable that the controlling areas can no longer keep them in check, 
and s nn increase in movement occurs somewhat resembling that seen 
when the controlling areas are depressed by alcohol. The stimulant 
action spreads downward when large quantities have been absorbed, 
and involves the medulla oblongata and spinal cord, so that symptoms 
resembling those seen in strychnine poisoning may make their appear- 
ance. After the stimulation has lasted some time, depression sets in 
and may go on to complete paralysis of the central nervous system, 
which is fatal to mammals through cessation of the respiration. Even 
during the stimulation stage some symptoms of depression are to be 
made out, exactly as has been described under strychnine. 

The peripheral action of atropine involves a number of secretory 
glands, organs containing unstriped muscular tissue, and the heart. 

Generally this action can be described as a paralyzing action on the 
postganglionic terminations of parasympathetic nerves, and is an action 
antagonistic to that of the muscarine group. Atropine prevents the 
peripheral actions of acetylcholine, although it does not interfere with 
the liberation of acetylcholine which occurs at the nerve-ends upon 
nerve stimulation. It rather renders the tissues^ insensitive to the action 
of acetylcholine. Atropine acts on the terminations of some nerves 
(e. g., to the sweat glands) associated anatomically with the sympathetic, 
rather than the parasympathetic, division, but in such cases there is 
reason to believe that these sympathetic nerves exceptionally transmit 
their impulses by discharge of acetylcholine, and that they are, in 
Dale’s terminology, “cholinergic” rather than “adrenergic” nerves. ^ 

Host of the Secretions are decreased by the application of atropine 
— salivary, gastric, pancreatic, mucous, and sweat. This is due, not to 
any action upon the secretory cells, but to the failure of nervous impulses. 
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It has been investigated most carefully in the salivary glands, but 
enough work has been done on the others to show* that the process is 
the same in ail. The secretion of saliva in the normal animal seems to 
occur only when impulses reach the gland cells by one of two paths— 
through the chorda tympani, or through the cervical sympathetic 
fibers. If the chorda tympani be divided and put on electrodes and a 
cannula be passed into Wharton's duct, a rapid flow of saliva occurs on 
stimulation of the nerve, which ceases or is very much diminished on 
stopping the stimulation If now atropine be injected, stimulation causes 
no increase in the secretion, and atropine, therefore, seems to paralyze 
some part of the peripheral secretory apparatus. The chorda tympani 
passes through ganglion cells on its way to the gland cells, and the 
impulses might be hindered in their passages through these, as actually 
occurs under the action of some drugs But this is not the explanation 
of the inefficiency of chorda stimulation, as is shown by the fact that 
if the electrodes be pushed into the hilus of the gland so as to stimulate 
the nerve fibers beyond the ganglia no secretion follows. Another 
explanation would be that the gland cells themselves are paralyzed 
by atropine, but this is shown not to be the case, for on stimulating 
the sympathetic, which supplies the same cells as the chord a tympani, 
the usual secretion follows. The site of action of atropine, therefore, 
seems to he between the ganglion pells on the course of the chorda 
tympani .and the secretory ceils, that is, the point of attack is the 
terminations of the nerve fibers in the gland cells. The secretion of 
saliva seems to occur generally only on the arrival of impulses by way 
of the chorda tympani, so that on the paralysis of its terminations the 
secretion ceases entirely. 

In the same way the oilier glands of the mouth, throat , nose and res- 
piratory passages cease secreting after atropine, and the effect is the 
characteristic dryness of the mouth, the hoarseness of the voice, and 
the thirst and difficulty in swallowing complained of after its admin- 
istration 

The secretion of the gastric juice has been shown to he diminished 
or entirely arrested by atropine, which paralyzes the terminations of 
the secretory fibers of the pneumogastric nerve in the stomach (Fig. 34, 
page 460). The hydrochloric acid of the secretion is more reduced than 
either the pepsin or the fluid as a whole. The secretion of pancreatic 
juice is reduced after atropine, and stimulation of the pneumogastric 
has no effect <m it, while in the normal animal it accelerates the flow. 
The secretion induced by the specific pancreatic hormone, secretin, 
continues, showing that atropine does not act on the cells of the pan- 
creas, but only isolates them from the pneumogastric nerve. But as the 
formation of secretin depends on the passage of hydrochloric acid into 
the duodenum, and tins F lessened by the action on the gastric glands, 
the pancreatic secretion is further reduced in this indirect way. 

The secretion of tears is diminished by atropine, presumably from the 
interruption of the non otis connections of the lacrimal glands. The 
flow of bile is also somewhat lessened but the interchange of -glycogen 
and sugar in the liver is not affected by atropine. 
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The same paralysis is produced in the terminations of the nerves in 
the sweat glands. Stimulation of the sciatic nerve as a general rule 
causes perspiration in the foot of the cat and dog, but after atropine 
this effect is absent, because the impulses cannot reach the cells through 
the paralyzed terminations, and the skin therefore becomes dry and 
hot. The local application of atropine to the skin has no effect on the 
sweat secretion, as it does not penetrate to the glands. The secretion 
of milk is not materially changed by atropine, whether the alkaloid is 
carried to it by the blood or is applied locally. This is in accord with 
the physiological observation that the mammary gland continues to 
secrete after all its nerves have been cut and allowed to degenerate; in 
other words the mammary secretion is largely independent of the nervous 
system. 



Fig. 35. — Diagram of the innervation of the iris. P, A fiber of the motor oculi passing 
from the brain to the ciliary ganglion (N), in which it terminates around a nerve cell, which 
sends an axis cylinder to terminate, M, in the circular fibers of the iris. R, A sympathetic 
nerve fiber issuing from the lower cervical cord, running through the stellate and inferior 
cervical ganglia and terminating around a ganglion cell in the superior cervical ganglion, 
G. The axis cylinder from this nerve cell runs to the iris (passing the ciliary ganglion) 
and terminates, C, on the radiating fibers. Jlf is the point acted on by atropme and mus- 
carine. N, N', The ganglion cells, are the seat of action of nicotine. C, The terminations 
in the dilator fibers, that of epinephrine. 


The kidney is not controlled by secretory nerves, and atropine causes 
little or no change in the amount of urine except through the arrest of 
the other secretions. The secretion of lymph is not altered by atropine, 
so that it also is not controlled by nerves in the same_ way as the true 
secretions. The secretion of the suprarenal glands is stimulated by 
atropine to a slight degree. 
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All Organs Containing JBtstriped Muscle (apart from the arterial wall) 
seem to be altered by atropine. Thus the movements of the pupil and 
esophagus (except in animats in which these consist of striped muscle), 
stomach, intestine, bladder, uterus, spleen and thoracic duet are affected 
by atropine. 

The dilatation of the pupil occurs on internal administration as well as 
on the application of minute quantities locally, and is due to paralysis 
of the myoneural junctions in the circular muscle of the iris. This is 
shown by the fact that stimulation of the motor oculi nerve or of the 
postganglionic fibers from the ciliary ganglion is without effect. This 
limits the paralysis to the periphery, and that the muscle is not acted 
on is shown by its reacting to electrical stimulation. The local nature 
of the action may be further shown by carefully applying a minute 
quantity of. the drug to one side of the cornea, when dilatation of one 
half or less of the pupil occurs, the rest remaining contracted. The 
motor oculi (Fig. 35) constantly transmits impulses through the ciliary 
nerves to the sphincter muscle of the iris and keeps the pupil moderately 
contracted, and when these impulses can no longer reach the iris owing 
to the interruption of the path, the sphincter relaxes and the pupil 
dilates. The contractile substance does not seem to be affected by the 
ordinary application of atropine, but if strong solutions be continuously 
applied, it may be paralyzed by it as by many other drugs. Atropine 
antagonizes the action of pilocarpine in the pupil after degeneration 
of the motor oculi, and the receptor for these alkaloids therefore does 
not undergo degeneration and must be situated in the muscle between 
the nerve ends and the contractile substance. 

The constrictor muscle is constantly opposed by dilator fibers, and when 
the former is thrown out of activity by the paralysis of the terminations of 
the motor oculi, the radiating fibers cause an active dilatation.^ If, however, 
the radiating muscular fibers be separated from their innervating center by 
section of the cervical sympathetic nerve in the neck, they also cease to con- 
tract and there is no active dilatation, so that atropine causes less widening of 
the pund than it would if impulses continued to reach the radiating muscle. 
After the application of atropine to the eye, the iris often relaxes with sufficient 
force to tear weak adhesions to the lens, and if the iris be attached at two points 
to the lens, atropine causes a bow-shaped dilatation between them, the con- 
cavity being directed inward The dilatation is therefore an active movement, 
accomplished by the contraction of the radiating muscular fibers, but these 
are not put in motion by the action of atropine on the radiating muscles of the 
ins, or their nerves, but by the normal impulses descending from the central 
nervous system, which after atropine are not counterbalanced by impulses 
reaching the circular fibers. 

The dilatation of the pupil effected by atropine is not quite maximal, 
for stimulation of the cervical sympathetic trunk generally increases 
it, though but slightly. It differs considerably in different animals, 
being more complete in man, the dog and the cat than in the rabbit, 
entirely absent in birds and reptiles, and elicited with difficulty in the 
frog. In birds and reptiles the iris consists of striped muscle fibers, and 
accordingly atropine has no action on the nerve terminations. 

When complete dilatation is attained, the pupil ceases to contract 
in bright light, as the impulses descending from the central nervous 
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system are prevented from reaching the muscle, although the rest of 
the reflex are is intact. The retina is unprotected from bright light and 
this often gives rise to pain and discomfort in the eyes and headache. 

_ Besides the dilatation of the pupil, a further result of the applica- 
tion of atropine to the eye is the paralysis of the accommodation . Near 
objects are no longer seen clearly, while distant ones are as distinct 
as formerly, or may be even more distinct to some eyes. The action 
is here again on the myoneural junction, in this case in the ciliary 
muscle. On local application the paralysis of accommodation occurs 
later, and disappears earlier, than the dilatation of the pupil, and larger 
quantities are required to produce it. 



Fra. 30 Fra. 37 

Figs. 36 and 37 —Charts of the changes in the accommodation (pp) and in the pupil 
(dd) under atropine. The impairment of the accommodation and the widening of the 
pupil are indicated by downward movements of the lines, while the return to the normal 
is shown by on upward movement. In Fig. 36 the time from the application of atropine 
is given m minutes to show the beginning of the action, in Fig. 37 the time is in days to 
show the gradual recovery. (After Donders.) 

The intra-ocular -pressure appears to be unchanged by atropine in the 
normal eye, but when there is a tendency to hypernormal pressure, 
atropine often augments it considerably, whether it is applied locally 
or is carried to the eye by the circulation. This is apparently the indirect 
result of the dilation of the pupil, by which the lymph outflow is ob- 
structed; in the normal eye this is not sufficient to raise the pressure, 
but in eyes in which the outflow is already deficient the additional 
hindrance may suffice to increase the tension and precipitate an attack 
of glaucoma. 

The bronchial muscle normally contracts when the pneumpgasfcric 
nerve is stimulated, but makes no response after atropine, which par- 
alyzes the myoneural terminations; the sympathetic fibers which inhibit 
the bronchial muscle and dilate the bronchi arc unaffected by atropine. 

The terminations of the nerves in the unstriped muscle of the esopha- 
gus. are affected in the same way as in the bronchial muscle. A curious 
contrast was noted by Luehsinger in the behavior of the esophagus in 
rabbits and cats, in the former of which the muscle is striated, while 
in the latter the upper part is striated, the lower is unstria ted. Atropine, 
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he found, paralyzes the vagus in those parts which are unstriped, while 
leaving unaffected those in which the fibers are striped. Exactly the 
opposite occurs after curare, which paralyzes the nerve supply of the 
striped muscle, while leaving the unstriped active. 

!t is possible that the difficulty ia swallowing, which is present in 
cases of poisoning by atropine, may be due in part to the paralysis of 
the motor nerve, but it is generally attributed to the absence of the 
mucous secretion and consequent dryness of the passages. 

Atropine has generally a sedative effect on the movements of the 
stomach and intestine, though vomiting has sometimes been observed 
in cases of poisoning, and less often free evacuation of the contents 
of the bowel. After very small quantities the normal peristalsis is not 
affected, and the movement induced by ordinary doses of the purga- 
tives is not arrested, but the griping pains resulting from large doses 
or from the more violent purgatives are absent or less marked if atropine 
is given along with them. Similarly, the violent peristaltic and tetanic 
contractions seen after such poisons as pilocarpine and muscarine are 
prevented by the preliminary injection of atropine. 



Fio. SS ~ Movements of the intestine At P, pi/ocarpine causes a mient tetanic con- 
traction, wjaieh is maintained until at A atropme is applied, when the spasm » immedi- 
ately relieved The normal pendulum movements continue afterwards. (Mns'nus ) 

These results suggested that atropine paralyzes the terminations of 
some of the extrinsic nerves of the stomach and bowel in the same 
Way as it paralyzes the oculomotor terminations in the iris. But this 
proves to be incorrect, for the vagus and splanchnic nerves continue 
to exert their ordinary influence after atropine In fact, these small 
doses of atropine appear to arrest only certain abnormal violent forms 
of contraction, and as they do this without interfering with the normal 
peristalsis and without interrupting the path of nervous impulses from 
the brain to the bowel, it must be accepted that these abnormal forms 
anse from some mechanism which is distinct from that presiding over 
the ordinary peristalsis,, and which does not lie on the path of the nerve 
impulses. 
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This action on' abnormal contractions is the only one induced by 
therapeutic doses of atropine, but in animal experiments large quantities 
tend to increase the peristalsis from some action exerted on the plexus 
of Auerbach (Magnus). It is possible that this increased peristalsis 
may account for the vomiting and purging sometimes seen in cases of 
poisoning. Finally, very large quantities paralyze the muscle fibers, 
but this- probably does not occur in the intact animal. 

Atropine exercises the same sedative effect on the movements of 
other organs as on those of the bowel. Thus, the spleen, uterus , gall- 
bladder, ureters, urinary bladder and the other ducts of the genito-urinary 
tract react like the stomach and bowel, several poisons failing to induce 
contractions after atropine, while stimulation of the nerves continues 
to be effective. It has been observed frequently in cases of poisoning 
that the urine is ejected soon after the ingestion of the poison, and sub- 
sequently there is a desire to micturate without the ability to do so. 



Fta. 39. — Tracing from heart of a turtle showing the effect of pilocarpine and atropine 
applied directly to the heart Rather slow absorption. Lever moves down In systole. 

Atropine paralyzes the Inhibitory Terminations of the Vagus in the 
Heart, and stirauiation of this nerve therefore causes no change in the 
pulse after its administration. Nicotine in large doses also removes 
the inhibitory power of the vagus, but acts on a different part of the 
nerve, namely, on the ganglia. That atropine does not act here but on 
the terminations has been shown by a number of observations. Thus, 
in the normal frog’s heart, and even after paralysis of the ganglia on 
the course of the vagus, electrical stimulation of the sinus venosus 
causes slowing and standstill of the heart, because the stimulus reaches 
the postganglionic nerve fibers (Fig. 32, page 431); but after atropine, 
no slowing follows stimulation of the sinus. Again, several drugs stimu- 
late the ends of the vagus in the heart and act on parts in which no 
ganglia exist, Cut these drugs have no effect whatever after atropine. 
Small quantities of atropine have no further action on the heart than 
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the paralysis of the inhibitory nerve ends. The terminations of the accel- 
erator nerve are unaffected, exactly as the terminations of the sympa- 
thetic in the salivary glands, and the heart muscle is neither stimulated 
nor depressed. The heart is therefore placed in the same position as 
if the vagus were divided in the neck, and, accordingly, it is accelerated 
in some animals, while in others the rhythm is unchanged. In the dog 
there is marked quickening of the heart after atropine, because normally 
impulses arc constantly transmitted from the inhibitory center in the 
medulla, and these prevent the heart from beating as rapidly as it would 
if freed from the nervous control In the cat the tone of the vagus is 
less, and the changes produced by atropine are correspondingly smaller, 
while in the rabbit and frog there is generally no inhibitory retardation 
of the heart, and atropine therefore produces little change. In man the 
effects vary considerably with the age of the patient. The inhibitory 
fibers seem almost inactive at birth, but their tone increases with age 
up to twenty-five to thirty-five years, and from this time lessens again. 
Atropine does not quicken the heart in the newborn child, but up to 
about thirty the acceleration increases with the age, and from this point 
onwards it lessens a pain until the heart is accelerated by only 4 to 5 
beats per minute in patients between eighty and ninety years. Along 
with the acceleration of the pulse the other effects of vagus section 
are also produced— increase in the extent of systole, decrease in the 
diastole and augmentation of the output of the heart per minute. 

Stimulation of the vagus causes no retardation of the pulse after an ordinary 
dose of atropine, but, on the contrary', is not infrequently followed by accelera- 
tion from the presence of accelerator fibers which are not affected by atropine. 
But it is found that if a minimal amount of atropine is given, so that slight 
vagus stimulation lias no effect, a very strong current may still slow the heart; 
the terminations arc so weakened that feeble impulses fad to reach the heart, 
but strong impulses can still force their way through the block. (Pilcher and 
Solhnann ) 

Large quantities of atropine, besides paralyzing the vngu«, weaken and 
depress the heart muscle, and the contractions consequently become slower 
and weaker and the output of the heart is less than normal Even therapeutic 
doses injected hypodermically in man slow the pubc for a short time, possibly 
from direct action on the heart muscle, hut more probably from stimulation of 
the vagus center before the nerve terminations arc paralyzed, the first effect 
is thus a fall in the pul«c rate follow cd by marked acceleration 

The Peripheral Action of therapeutic doM's of atropine is due to its 
paralyzing receptors in a number of organs. Some of these are nor- 
mally put in action by nerve iraptd'cs, which they transmit to the 
contractile or secretory ccf{>, and their paralysis by atropine leads to 
the failure of part of the nervous control of the organ {many glands, 
pupil, bronchial niuide. esophagus, and heart). In other organs the 
receptors do not lie in the path of nerve mipubes ami their paralysis 
by atropine therefore does not affect the nervous control of tht*e 
organs (imeclc of stomach, intestine «ploen, uterus, ami bladder). 
Tlic effect of atropine on the-o organs is in fact only detected by the 
cessation of tmir-ua) movements induced by certain poisons and by 
some pathological conditions (^ce abo mu'Cnrine and pilocarpine, 
page •! 10). The organs thus affected receive their innervation from the 
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autonomic sj'stcm, and, with few exceptions, from the parasympathetic 
division. Atropine prevents the actions of acetylcholine on parasym- 
pathetic nerve ends by preventing the action of acetylcholine on the 
effector cells. 

The voluntary Muscles are not directly affected by atropine. An 
action similar to that of curare is seen in the frog under large doses. 
In mammals the twitching induced* by physostigmine through its action 
on the myoneural junctions is, according to some authors, antagonized 
by large doses of atropine; but no true curare action is induced by atro- 
pine in mammals. * A 

The terminations of the Sensory Nerves are depressed by its local 
application. TIius, when atropine is applied to an irritated surface of 
the’skinorto a raucous membrane, numbness is produced and the sen- 
sation of pain is lessened; no such effect occurs when atropine ointment 
is' rubbed on the unbroken skin and the local anesthetic effect is not 
elicited by its internal administration. 

Circulation.— The changes in the circulation under atropine arise 
for the most part from the changes in the heart. The blood-pressure 
often falls for a few minutes at first and then rises above the normal from 
the acceleration, when this is marked. But the rise in pressure from the 
acceleration is not great unless there is unusual activity of the inhibitory 
mechanism previously. There is no evidence that the vasoconstrictor 
center in the medulla is excited by atropine. In normal animals there is 
thus no evidence that atropine acts on the vessels or on the nerve ends 
in them; but in animals whose vessels are dilated by acetylcholine, atro- 
pine immediately counteracts this effect, which indicates that it pos- 
sesses some vascular action. Very large amounts of atropine depress 
the heart and consequently the blood-pressure falls; the respiration fails 
in cases of poisoning before the heart is seriously injured. In poisoning 
there is often flushing of the skin of the head and neck and a rash resem- 
bling that of scarlet fever, and these have been regarded as due to dila- 
tation of the arterioles from stimulation of the vasodilator center; the 
flush is said to disappear on section of the cervical sympathetic cord, 
which would suggest its central origin. The rash usually disappears after 
a few hours, but is sometimes followed in a day or two by desquamation. 

The action of atropine on the Respiration has been the subject of 
much discussion. In therapeutic doses, its only effect is to relax the 
bronchi, and the respiratory center is unaffected; larger amounts acceler- 
ate the breathing from stimulation of the center and increased formation 
of carbon dioxide. In severe poisoning this quickened breathing is fre- 
quently interrupted by convulsive movements, and such an interruption 
often proves to be final. If it returns, the movements become shallower 
and slower in the stage of depression of the nervous centers, and the 
failure of the respiration is the cause of death in fatal cases of poisoning. 

Atropine often induces a marked rise in Temperature, due in part 
probably to the fact that the body heat is not dissipated as a result of 
the inhibition of activity of the sweat glands and also because of a direct 
action on the heat centers of the brain. 
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Distribution and Excretion. — Atropine is rapidly absorbed and may 
be found in most organs. It is excreted in the urine in man anti most 
animals, partly as unchanged atropine, partly broken up into tropine; 
from a third to a half of that ingested reappears in the urine, and traces 
have been found in the milk and also in the fetal blood. The rest of 
the atropine undergoes oxidation in the body, apparently in the liver; 
in some rabbits, which show a very high congenital tolerance, much' of 
the atropine ingested undergoes decomposition in the blood plasma, 
being apparently hydrolyzed into tropine and tropic add. In other 
rabbits no such action occurs in the blood and these do not acquire this 
power even when treated for a long time with atropine; they may be 
endowed with it, however, by the injection of the serum of an an ma! 
which already possesses it, and even cats which do not normally destroy 
atropine in, the plasma are also enabled to do so by the injection of the 
active serum of a rabbit (Schinz); the blood of man, the dog and many 
other animah does not seem to possess tins property. 

Tolerance. -"Most animals withstand much larger quantities of 
atropine than man, and an especial degree of tolerance is met with 
in the herbivoru, rabbits, for example, may be fed for weeks on bell a* 
donna leaves without showing any symptoms; this is undoubtedly 
the result of the active decomposition of the alkaloid which occurs in 
their plasma. It has also been observed that the action of atropine on 
the heart and other organs passes off more quickly in rabbits than in 
other animals and this again arises from the atropine being destroyed 
so rapidly. A certain degree of tolerance may be acquired by other 
animals through the continued administration of atropine, which ceases 
to elicit the symptoms from the central nervous system in the doses 
previously sufficient and later seems to have a weaker and shorter action 
on the peripheral organs. 

In his studies upon the rflle plsj-cd by the liver m the disposal of atropine 
and indirectly upon the question of tolerance, De Saram found that the amount 
of atropine which could be tolerated by rabbits, if the injection w crc made into 
the portal vein, was about twice the amount which would prove fatal if it 
were injected into an cat vein. He concludes, therefore, that the liver is impor- 
tant as ft detoxifying agent. 

Hyoscyamine is rarely obtainable in pure form, as it is almost always 
mixed with atropine, into which it changes when kept m solution and 
perhaps even when dry. It paralyzes the same peripheral mechanisms 
as atropine, but acts almost exactly twice as strongly on them. Its 
action on the central nervous system in mammals resembles that of 
atropine and the fatal dose is the same, hut in the frog it has less ten- 
dency to cause eonvuhioas No narcotic influence is exercised on cither 
frogs nr mammals; the lielief that it induces sleep is founded on observa- 
tions in which scopolamine was mixed with the hyoscynnuuc employed. 

The action of at rapine, as has been stated, is compounded of that of natural, 
or Icvorotnry hyo<cy amine with that of its dextrorotary isomer The latter 
does not cxi«t free in nature and posswaes little or no action on the none ter- 
mination*!, while it stimulates the spinal cord of Hie frog more than either 
atropine or hyoscyamine. The peripheral Action ot atropine is thus due to 
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its containing i-hyoscyamine, and as a grain of atropine contains only half a 
gram of Miyoscyamine, the former naturally exercises only half the effect of a 
grain of J-hyoscyamine. On the other hand, the half grain of dextrorotary hyo- 
scynmine in a grain of atropine js almost inert on the nerve terminations, but 
exercises the same effect on the central nervous system as its lcvorotary com- 
plement. Atropine thus acts on the central nervous system in mammals in the 
i, . <• . ■ ' nly half as strongly in the periphery'. 

■ ‘ ‘ 1 “ ■ . that the ratio of potency of atropine and 

the species of animal employed, and the 
siruciuie swuieu, unu even timt sera of different rabbits varied in their ability 
to destroy the alkaloids. They explain this as being due, in part at least, to 
the relative rates at which the alkaloids are destroyed in the body. They showed 
that rabbit scrum^ mny destroy the lcvohyoscy amine the most rapidly of the 
ii... ^ ‘ " * " r than the racemic atropine 

■ ■ re might be quite a varia- 

\ _ . 1 ■ alkaloids and therefore to 

the relative ratio of potency assigned to the different members of the series. 

Scopolamine or Hyoscine resembles atropine closely in its peripheral 
action, except that it passes off more quickly. The inhibitory termina- 
tions in the heart are paralyzed; but the therapeutic dose in man is 
too small to elicit this effect, and the pulse is therefore unaltered in 
rate or may be slower, owing to the hypnotic action. Applied to the 
conjunctiva it produces mydriasis and loss of accommodation more 
quickly than atropine, but for a much shorter time; pure scopolamine 
acts about twice as strongly on the nerve terminations as atropine, or 
about equally as strong as hyoscyamine. The effects on the central 
nervous system present the greatest divergencies from those described 
under atropine, for the characteristic stimulation is absent in the great 
majority of cases. As a general rule, scopolamine produces a marked 
sensation of fatigue and drowsiness, the patient moves about less and 
speaks less, and a condition in no way dissimilar to the natural sleep fol- 
lows. In many cases, however, a short stage of excitement with giddi- 
ness, uncertain movements and difficult and indistinct speech precedes 
sleep, and occasionally symptoms exactly resembling those produced by 
atropine follow the administration of scopolamine, especially if large 
doses are employed. Sleep generally lasts from five to eight hours, and 
the patient may then remain quiet for several hours longer. As a general 
rule, after small doses no confusion is complained of on awakening, but 
dryness of the throat and thirst are often present. Larger doses do not 
cause deeper sleep but give rise to delirium and excitement resembling 
those following atropine. In one or two cases collapse has been observed 
after scopolamine. The respiratory center does not seem 1 to be stimu- 
lated as by atropine, the respiration generally becoming slower from the 
beginning. 

In the lower mammals scopolamine reduces the excitability of the 
motor areas as tested by electric shocks, while the reflex excitability 
in the frog is not increased as by atropine. Scopolamine appears to 
be excreted or destroyed in the tissues much more rapidly than atropine, 
for its effects last a shorter time. 

The action of scopolamine, then, seems to correspond with that oi 
atropine, save that the central nervous system is here depressed, while 
the action on the peripheral nerve ends is of shorter duration. It depres- 
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sps the brain in very small quantities, § mg. being generally sufficient 
to induce quiet. The therapeutic dose is well below the fatal dose, 
but medicinal doses occasionally produce toxic symptoms, apparently a 
form of idiosyncrasy. A certain degree of tolerance is produced after 
repeated use, so that the dose has to be increased after a week or two. 

Scopolamine is much less reliable as a hypnotic than morphine or 
the members of the chloral group. It is most effective when sleep is 
prevented by motor excitement, and the sleep seems to arise from the 
relief of this condition and not from depression of the consciousness. 


in the two forma. 

Scopolamine has been used in the preparation of patients for general 
anesthesia, as already described on page 309. However, the dangers 
associated with its use has militated against its wide employment for 
this purpose. 

Scopolamine is useful in the prevention of travel-sickness Icing used 
for this purpose to prevent seasickness and airsickness during the late 
war. It is available commercially in the form of tablets containing 
0.1 mg. of scopolamine camphorate and 0.4 mg. byoscynmine camphoratc 


alleviation of the psychic symptoms and psychomotor excitement. 
Similarly in infantile cerebral palsy scopolamine may be helpful in over- 
coming the spastic paralysis, tremor and athetoid movements. 

Following the administration of scopolamine, the normal plantar 
response becomes extensor (Babinski sign) and the administration of 
this drug has therefore been advocated for unmasking concealed damage 
to the pyramidal tract which is manifested by an extensor plantar 
response. 

Genoscopolamine, an amino oxide of scopolamine is also available 
commercially ns a substitute for scopolamine. 

The other natural alkaloids have been less carefully examined than 
the three foregoing and possess no therapeutic interest. 

Homatropine and other Artificial Tropeines 

Among the artificial tropeines, Homatropine, a compound of tropine 
and mandclic acid, resembles atropine in its action but is much less 
poisonous. When applied to the e>e, it dilates the pupil almost as 
rapidly as atropine, but less completely, and the action passes oil much 
sooner. It has less tendency to increase the intra-ocular tension than 
atropine owing to its shorter action. 

Eumydrine, the methyl nitrate derivative of homatropine, has l>ccn 
used to some extent in ophthalmology. Its mydriatic action is more 
prompt and less enduring than that of atropine and it is less poisonous. 
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Novatropine (Homatropinemethylbromide) was introduced as a sub- 
stitute for atropine in the treatment of gastro-intestinal spasm and 
hyper ch lorhydria. It is less toxic than atropine, its cerebral effects are 
‘ less marked and side effects, such as cycloplegia and dryness of the mouth 
_and skim are also less pronounced. The ratio of toxicity of atropine to 
novatropine as reported by different investigators has differed some- 
what, but it would seem to be in the neighborhood of 1 to 33. Slight 
cerebral symptoms have resulted from the use of maximum doses, but 
no cumulative effects have been reported. Novatropine is hi white 
crystalline powder easily soluble in water and is usually prescribed in 
tablet form, each tablet containing 2.5 mg., 1 to 2 tablets being taken 
three times daily before meals. 

The other synthetic substitutes which are not members of the tropeine 
alkaloids are discussed later (page 482). 

The other tropeines vary in their action on the lower animals, some of them 
failing to act on the peripheral organs, while others have the peripheral action 
of atropine but in a weaker degree; the compounds of tropine with the acids 
of the methane series possess much less peripheral atropine action than the 
others. The peripheral action is most developed in the compounds of tropine 
with a ' ..... , • t .. 

atom, 

' in the 

excitement like atropine, while others act as depressants and therefore resemble 
scopolamine. 

Tropine itself is a weakly toxic, basic substance, which in large quantities 


nd devoid of action on the nerve 
, 4 f secretion. They possess a certain 

stimulant effect on the heart muscle like some of the synthetic tropeines, and 
all produce more or less depression on the central nervous system and narcosis. 

The action of the Crude Drugs is very similar to that of the active prin- 
ciples already discussed. The peripheral action of all of them is therefore 
almost identical in kind, though varying in degree. In considering 
their effects on the central nervous system it must be remembered that 
preparations containing much atropine are more stimulant, those with 
scopolamine more sedative. But as the relative amount of the different 
alkaloids changes with v&rious conditions such as the age of the plant 
and the methods of preparation, it is obvious that accurate results can 
be obtained only by the use of the pure principles. Even when a prepa- 
ration is accurately standardized in the content of alkaloids, as in the 
U. S. P. and B. P., its power may vary very widely according to the 
proportion of Ievorotary alkaloid (hyoscyamine) to racemic (atropine). 

Therapeutic Uses.— The numerous changes produced by atropine and 
its congeners on the organism would indicate for them a very wide 
sphere of usefulness were it possible to elicit their action on one organ 
without affecting others, and this. difficulty is being overcome to a 
certain extent as tiie different individuals of the series have been more 
carefully compared, and new tropeines and other modifications of the 
tropine radical are being made available in therapeutics. 
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The peripheral action of the natural alkaloids of the group is so 
uniform that any member might be used to elicit it, but the only one 
that has come into general use for its peripheral effects is atropine. 
The purposes for which atropine is employed may be divided into groups 
as follows: 

To Arrest or Lessen Secretions.— In rare cases of excessive salivation 
atropine has proved of service, and it may also be used to lessen the 
perspiration. For this purpose comparatively small quantities, such as 
a £ mg. (1/250 gr.) given by the mouth or hypodermically, are gen- 
erally sufficient, or the extract or tincture of belladonna may be used 
instead. Applied locally in the form of an ointment, liniment, or plaster, 
atropine is without effect. Some forms of excessive secretion of gastric 
juice have been treated by atropine usually in the form of the tincture 
of belladonna. It is also of value in bronchitis with profuse expectoration 
and is used in combination with morphine in edema of the lung. 


I • 


To Paralyze the Cardiac Inhibitory Terminations.— For this purpose 
a slightly larger quantity is required than* is necessary to stop the 
secretions, and the administration of sufficient atropine to paralyze 
the vagus (1 mg.) therefore involves unpleasant dryness of the throat 
and difficulty in swallowing. In cases where slowing of the heart 
tends to be dangerous in itself, more especially in poisoning with mus- 
carine, pilocarpine and their allies, atropine is indicated. It may also 
be used for diagnostic purposes, to find if bradycardia is due to disease 
of the heart muscle or to inhibition. The resultant quickening is much 
less in old than in middle-aged people, and in many cases of old aortic 
lesion the administration of atropine is followed by little acceleration 
In typhoid fever atropine accelerates the pulse comparatively little 
owing to the heart muscle being involved in the action of the toxin. The 
use of atropine to paralyze the vagus terminations in the bronchi before 
the administration of an anesthetic has been discussed already (see 
page 307). 

To Paralyze the Terminations ol the Motor Nerves in the Iris and Ciliary 
Muscles.— It is used for this purpose largely In ophthalmology as a 
means of diagnosis and of treatment, and the precise conditions in 
which it is indicated may be treated better -in textbooks on this sub- 
ject than here. For these objects, solutions of the alkaloidal salts are 
generally applied to the conjunctiva, when enough of the alkaloid 
diffuses into the eye' to produce marked local effects without affecting 
more distant organs. In order to dilate the pupil, extremely dilute 
solutions are used, a few drops of a solution of 1 in 1,000, or even of 
1 in 10,000 are quite sufficient. Much stronger solutions are required 
to paralyze the accommodation, and as a general rule 1 per cent is used. 
These strong solutions produce complete paralysis in one-half to one 
hour, and the accommodation does not recover completely until after 
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five to seven days, while the pupil may not regain its normal size for 
ten to fourteen days. The application of even weaker atropine solution 
renders the sight imperfect for an inconveniently long period, and hyo- 
scyamine and homatropine are therefore much used in its stead. The 
symptoms produced by a 1 per cent solution of homatropine pass off or, 
at any rate, become very much less marked in the course of thirty-six 
hours. These are consequently preferable for diagnostic purposes, while 
atropine is rather to be used where it is desirable to produce a paralysis of 
longer duration, as in various inflammatory conditions of the iris or 
cornea. Atropine is also preferable where complete paralysis of the 
accommodation is necessary, as homatropine often fails to effect this. 
Atropine and its congeners are contraindicated where there is any 
suspicion of glaucoma, as, owing to their action on the intra-ocular 
pressure, they may either aggravate the disease already- present or 
precipitate an acute attack. 

"When dilatation of the pupil is necessary and there is reason to appre- 
hend the results on the intra-ocular pressure, homatropine should be 
employed, as its effects can be readily controlled by eserine. Numer- 
ous cases of poisoning have arisen from the extensive use of atropine 
in disease conditions of the eye. It is often asserted that it passes 
down with the tears through the lacrimal duct and is absorbed from 
the nose, throat and stomach, but it may be absorbed from the con- 
junctiva itself. The symptoms are generally only the milder ones of 
'atropine poisoning— dryness of the throat and slight excitement —but 
dangerous and even fatal poisoning has also arisen from its local appli- 
cation. In many cases this is due to the application of unnecessarily 
strong solutions to the eye, but, on the other hand, some patients seem 
abnormally sensitive to the action of atropine, and scopolamine 0.5 per 
cent or homatropine, ought to be preferred. In rare cases a curious in- 
flammatory condition of the conjunctiva is set up by atropine, and this is 
often supposed to be due to the use of irritant preparations, but some- 
times seems to follow the application of the absolutely pure alkaloid, 
and is apparent)}' an idiosyncrasy; it may, perhaps, be explained by 
the arrest of the ordinary secretions of the lacrimal gland and con- 
junctiva in these cases. Sometimes discs of gelatin impregnated with 
atropine or homatropine (B . P.) are applied to the conjunctiva instead 
of solutions of the salts. 

To Relax Spasm of the Stomach and Intestines.— In various forms of 
colic, atropine is of very great service in lessening pain and allowing the 
passage of the intestinal contents; for instance, it is preferable to mor- 
phine in lead -colic, as it does not cause constipation. It sometimes 
relieves the pain of gastric ulcer by preventing the reflex contraction of 
the stomach wall, and similarly spasmodic contraction of the pylorus 
may be released. Belladonna in the form of the extract is often pre- 
scribed along with purgatives in order to lessen the griping which they 
produce, and has been used as a laxative in some forms of constipation 
with considerable success. The object of prescribing an impure prepa- 
ration instead of the alkaloid is to allow of a strong local action on the 
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intestinal wall along witli a slow and imperfect absorption, as the pure 
alkaioidat salts are liable to be absorbed in the duodenum. 

To Relax Spasms ot the Involuntary Muscles of Other Organs.— In the 
spasmodic contraction of the ureters and bile ducts due to calculi, 
atropine is occasionally prescribed either in the form of a pill or in 
solution for internal use, or by hypodermic injection. Jn some forms 
of asthma due to contraction of the bronchial muscles, atropine has 
been applied locally by means of a spray or given internally. Perhaps 
this action in relaxing spasmodic contractions may also explain the 
beneficial effects obtained in cases of incontinence of urine in children, 
in which belladonna has Jong been used. 

To Lessen Pain. -“Belladonna liniment, plaster and ointment formerly 
enjoyed a reputation as local anodynes, but are now rarely used and are 
of doubtful efficiency. 

The Effects on the Central Nervous System of the members of this 
group are very different, and the purposes for which they are used are 
diametrically opposed. Atropine is used as a stimulant in various 
conditions of depression of the brain and medulla oblongata. Tims, 
in collapse its hypodermic injection has been advocated to stimulate the 
respiration. In dangerous poisoning from narcotic and hypnotic drugs, 
more especially in opium poisoning, atropine has been largely used. 
It may be questioned whether atropine may not be replaced hy caffeine 
with advantage. The former stimulates the medullary centers, but sub- 
sequently paralyzes them, while caffeine, even in comparatively large 
quantities, does not seem to have a depressant action in man. 

In some spasmodic diseases, such as whooping-cough, belladonna 
preparations have long enjoyed a wide reputation; this may possibly 
be explained either by the scopolamine reducing the excitability of the 
respiratory center, or by atropine relaxing bronchial spasm. 

Scopolamine or ftyoscine has been used as a narcotic to depress the 
central nervous system; it is of great efficacy in insanity, producing 
sound and refreshing sleep, but is of loss value in controlling the excites 
ment during the day, and may in fact increase it. Scopolamine is nbo 
used with benefit in various forms of tremor of central origin, and is said 
to lessen sexual excitement. Its hypnotic action doe* not seem to be of 
the same nature as that of opium, for in sleeplessness produced by pain 
it is of comparatively little value, ami it has no power to relieve pain 
itself. It differs from chloral in not inducing deep sleep, for patients 
under the influence of scopolamine can always be aroused ami are much 
less confused than after eb Jural. The special indications for scopolamine 
seem to }>e sleeplessness due to abnormal acti\ it.' of the motor areas and 
some forms of tremor. 

It is very useful in reliev mg the tremor of jxirahjtis agitatis. In por- 
encephalic Varlnnsontm it often produces a remarkable improve- 
ment: diminution of the gsneraJizcd mmctjlar rigidity, lessening of the 
tremor s of the face and extremities, disappearance of elective laeri- 
mation and salivation, improvement of speech and a general brightening 
of the mental outlook. It i> usual to commence with small do*<">, e. g , 
0.4 mg. per day subcutaneously, which may be gradually increased to 
31 
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1 mg. or more, if required. By mouth, larger doses are required. 
Preparations of stramonium have also been extensively used for this 
purpose. 

On the use of scopolamine with morphine as a surgical anesthetic see 
page 353. 

Poisoning. — In cases of poisoning with belladonna and its allies the 
treatment is purely symptomatic. In the excitement stage sedatives 
may he used; perhaps chloroform and ether arc best, as their effects 
arc more transient than the others. Morphine has been advised, but 
its action on- the respiratory center renders its use dangerous, as in 
severe atropine poisoning the stimulation soon passes into depression, 
and the effects of the poison and its so-called antidote therefore sup- 
plement each other. Chloroform and ether, on the other hand, may 
be used to control the spasms and then stopped when these pass off. 
In the depression stage caffeine may be used, and eventually artificial 
respiration. Pilocarpine is of course useless, as it docs not antagonize 
the actions of atropine on the central nervous system, which is the 
point of danger. 

2. Other Synthetic Substitutes for the Belladonna Alkaloids 

In addition to the synthetic tropcincs already discussed, several 
simpler compounds have been introduced as substitutes for atropine. 



Eucatropine 

Eucatropine, introduced tinder the trade-name cuphthalmine, is the 
mandelic acid ester of a polymethyl piperidine derivative. It is used 
in the form of the hydrochloride in a 5 to 10 per cent solution as a 
mydriatric. For this purpose 2 to 3 drops are instilled into the eye. 
Eucatropine induces prompt mydriasis without pain or corneal irrita- 
tion. Like other mydriatics it may precipitate glaucoma in those pre- 
disposed to this condition. It does not affect the accommodation of the 
eye and its effects are of brief duration. It is useful in ophthalmoscopic 
examinhtions. 



Syntropan, the tropic acid ester of 3-diethylamino-2, 2-dimethyM' 
propanol is used as a substitute for atropine, especially for those pm - - 
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poses for which an action on smooth muscle is concerned. For most 
animals it is less toxic than is atropine. Its mydriatic action on the eye 
of the cat is much weaker than that of atropine, as is also its action in 
suppressing salivation. Its action as a depressant of the parasympathetic 
nervous system is also much weaker than is that of atropine. However, 
as a depressant of spasm of smooth muscle, its potency approaches much 
closer to atropine in that it not only possesses an action on the nervous 
mechanism similar to that of atropine, but also exerts a direct action on 
the muscular tissue itself. This drug is therefore useful in cases of 
spasm of smooth muscle and is recommended in gastric spasms in colic 
due to cholelithiasis and in spastic conditions of the bladder and ureters. 

Syntropan is a white crystalline powder soluble in water. It is admin- 
istered in 50 mg. doses in tablet form— 1 tablet being given three or 
four times daily. It can also be given by intramuscular or subcutaneous 
injection in 10 "*'* ^ 

Trasentin, 1 of diphenyl 

acetic acid ar „ : non-official 

drug which has been advocated as a substitute for belladonna in the 
relief of spasm of the gastrointestinal tract, uterus, ureter, etc. It is 
administered in the form of 75 mg. tablets or injected. , 

Preparations 
U. S. P. 

Belladonnas Folium, the leaves of Atropa belladonna, containing 0.3 per 
cent of alkaloids. 

Extractum Belladonna (1.25 per cent). Dose, 15 mg. 

Tjnctura Belladonnas (0 03 per cent). Dose, 0.6 cc. (10 min ). 

Unguent dm Belladonna (10 per cent). 

Belladonna Radix, the root of Atropa belladonna, containing 0.45 per 
cent of alkaloids. 

Emplastrum Belladonnas. The belladonna plaster mass must yield between 
0 . 2 ” , '“ w * 1 

0.C 


Stramonium, the dried leaves and flowering tops of Datura stramonium, 
containing 0 30 per cent of alkaloids 
Extractum Stramonh (1 2 per cent of alkaloids). Dose, 20 mg. 

Tinctura Stramonh (003 per cent of alkaloids). Dose, 0.75 cc. (12 min.). 


B P. 

BELLAnoNNAS Herba. belladonna folium: belladonna herb, belladonna leaf, 
the leaves and tops of Atropa belladonna, containing 0 3 per cent of alkaloids 

Belladonna Pulverata, powdered belladonna leaf adjusted to contain 
0.3 per cent of alkaloids, calculated as hyoscyamine. Dose, 0.03 to 0 2 gram 
(£ to 3 gr.) 

Extractum Belladonna Herba Liquidum, liquid extract of belladonna 
herb Dose, 0 015 to 0 06 mil. 

Extractum Belladonna Sicccm (1 per cent of alkaloids). Dose, 0 015 to 
0 06 gram (J to 1 gr.). _ 

Tinctura Belladonna (0.03 per cent of alkaloids). Dose, 0 03 to 2 mil 
(5 to 30 min ) 

Belladonna Radix, the dried root of Atropa belladonna. Dose, 0.03 to 
0.12 gram. 
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Extractum Belladonna Liquid um (0.75 per cent of alkaloids). Dose 
0.015 to 0.00 rail. (J to 1 min.). ' 

EjirLASTOUM Belladonna (0.25 per cent of alkaloids). 

Linimentum Belladonna (0.375 per cent of alkaloids). 

Hyoscyamus, the dried leaves and flowering tops of Hyoscyamus niger. 
henbane. 

Extra ctum IIyoscyami Siccum (0.3 per cent alkaloids). Dose, 0.0IG to 
0.0G gram ($ to 1 gr.). 

Tinctura Hyoscyami (0.005 per cent of alkaloids). Dose, 2 to 4 mil. (30 to 
GO min.). 

Extractum Hyoscyaau Liquiduai (0.05 per cent of alkaloids). Dose. 0.2 to 
0.4 mil, (3 to G min.). 

Straaioniuai (0.25 per cent of alkaloids). Dose, 0.03 to 0.2 gram ($ to 3 gT.). 
Extractuai Straaionii Liquiduai, liquid extract of stramonium. Dose, 
0.03 to 0.2 mil. 

Extractuai Straaionii Siccuai, dry extract of stramonium. Dose, 0.015 to 
0.0G gram; in post-encephalitic and similar conditions, O.OG to 0.5 gram. 

Tinctura Straaionii (0.025 per cent of alkaloids). Dose, 0.3 to 2 mil. (5 to 
30 min,). 

Alkaloids 

Atrohna (XJ. S. P., B. P.). An alkaloid usually obtained from Atropa Bella- 
donna and from species of Datura and Hyoscj’amus, or produced synthetically. 
Atropina Sulfas (U. S. P.), Atropimc sulphas (B. P.), a white crystalline 

S owder, with a very bitter taste, soluble in water and alcohol. Dose, U. S. P., 
.5 mg.; B. P., 0.25 to 1 mg. 

Laaiella Atrohna (B. P.), gelatin discs, each containing r^Vo gr. of atropine 
sulfate. 

r . • ■■■ .. : ‘ i ‘ atropine sulphate. Dose, 

O.C 

HyOSCINA HYDROnnOAlIDUAI (B. P.), ScorOLAAIINA HyDROBROMIDUM (U. S. 
P.) (CijHnNOdlBr, 3HjO), the hydrobromide of hyoscine or scopolamine. It 
is obtained from hyoscyamus, scopola and other Solanacere, and forms colorless, 
transparent crystals with an acrid, bitter taste, and is very soluble in water, 
less so in alcohol. Dose, U. S. P., 0.5 mg.; B. P., 0.0003 to 0.0000 gram. 

IIomatropina IlYDnonROAirouAi (U. S. P., B. P.) (CnHjiNOiHBr), the hydro- 
bromide of an alkaloid prepared from tropine by condensation with mandehe 
(oxytoluic) acid, a white crystalline powder soluble in G parts of cold water. 
Dose, B. P., 0.001 to 0.002 gram W* to -fr gr.). 

Lamella Hoaiatropina (B. P.), gelatin discs, each weighing 3*5 gr. and con- 
taining yfo gr. of homatropmo hydrobromide. 

Eucatropina HYDnocnLORiDUAi (U. S. P.), CuHi»0»N.HCl, a white powder, 
very soluble in water. 

REFERENCES 

Albertoni: Arch. f. exp. Path. u. Pharm., 15, 258, I8S2. • 

Anrep: Jour. Physiol., 50, 421, 1916. 

Bashpord: Arch, mternat. de pharmacodyn., 8, 311, 1901. 

Bayliss and Starling; Jour. Physiol., 24, 99, 1899. 

Coshny: Jour. Pharm. nnd Exper. Therap., 15, 105, 1920. 

De Sabam: .Tour. Path, and Bacteriol.. 46, 659, 1933. 

Dixon. Jour. Physiol., 28, 57, 1902. 

Fromhebz: Jour. Pharm. and Exper. Therap., 60, 1, 1937. 

Gottlieb: Arch. f. exp. Path. u. Pharm., 37, 218, 1896. 

Graham and Gunn: Quart. Jour. Pharm. Pharmacol., 17, 88. 1944. (Smooth Muscle ) 
Gray: Am. Jour. Physiol., 120, 657, 1937. 

Hibma and Ccrreri: Surg., Gynec. and Obst., 74, 851, 1942. 

Higgins and Means. Jour. Pharm. and Exper. Therap., 7, 1, 1915, 

Holling, et al.: Lancet, 1, 127, 1944. 

Lilienthal* Jour, of Aviation Med., 16, 59, 1945. (Hyoscine in Airsickness.)^ 
Lochsinobr. Pfliiger's Arch., 18, 587, 1878. 

McCartney: Jour. Pharm. and Exper. Therap., 10. 83, 1917. (Agaricm.) 


EPINEPHRINE ( ADRENALINE ) 


485 


McCvidan: Ibid , 8, 407, 1916. 

Magncb: Ergebn d, Physiol., 2 (2), 653. 1903. 

Margolks and Graves. Arch. Neurol, and Pisyc&jat , 52, 403, 1944. (Babmski S:gn ) 
Metiser: Arch, f exp. Path. u. Phann., 68, 150, 1912, 

vos Oettjnceh: The Therapeutic Agents cl the Pyrrole and Pyridine Group, Ann Arbor, 
Edwards Bros., 1938. 

■■ ~ ' — 1914. 


1 * ■ ‘ ne in Obstetrics ) 

1 ■ 1 ■ (Intestine ) 

• ■ ■ * (Parkinsonism.) 

IV. STIMULANTS OF SYMPATHETIC ACTIVITY 
SYMPATHOMIMETIC DRUGS 
I. Epinephrine (Adrenaline) ' 

1 * 1 ' ’ * - A ** ' ' tes contain a body which posses- 
ses 1 and which the glands normally 

sc ' five principle in the form of a 

benzoyl compound was first isolated by Abel and named epinephrine, 
but as a pure crystalline compound it was first isolated in 1901 by 
Takamine and by Aldrich and named adrenalin. It is also known under 
the trade names of adrenine, suprarenine, etc. 

CTlOnahNHCH, 


Oil 
OH 

Epinephrine 

Epinephrine has also been found in the externa! neck glands of 
certain toads. It is a feebly basic compound having the structure 
shown and may be designated " ‘ * '* ’ 

Epinephrine is also prepare! - ■ - 1 

amine compounds similar to 

also in action in many features; other amines less closely related chem- 
ically tend to depart further from the typical epinephrine action {Barger 
and Dale). Epinephrine is levorotary to polarized light; the dextro- 
rotary isomer lias only about one-twelfth of the activity of the natural 

' its injection 

■ - ‘ . ' - >e most part 

identical with those of stimulation of the sympathetic nerves. The 
group of amines of which it is the best known member have therefore 
been termed the sympathomimetic amines. The symptoms show certain 
analogies with those induced by nicotine, but the latter affects a wider 
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area from its involving the parasympathetic autonomic nerves as well 
as those of the true sympathetic. And the point at which nicotine 
acts is the ganglion cell, while epinephrine involves the other end of the 
peripheral neuron. It should be added that some of the sympathetic 
terminations are not involved in the action of epinephrine; the secretory 
fibers in the sweat glands are not affected, for example, although they 
are of sympathetic origin. 
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and paralysis of the ganglia on the vasoconstrictor nerves, so that it is 
obviously due to direct action on the muscle of the vessel walls, or on the 
terminations of the nerves in them. The greatest constriction is seen in 
the vessels of the splanchnic area, but most of the other vessels are also 
involved in lesser degree. Thus the limb vessels are narrowed less than 
those of the intestine, and the pulmonary and cranial arterioles are so 
slightly constricted that there lias been some difficulty in proving that 
they are involved in the general action; most observers now hold that 
there is narrowing in these regions also The effect on the coronary 
artery of the heart has also been tiie subject of dispute, most investi- 
gators finding that it is dilated by epinephrine; but though this is often 
the prevailing effect, very small concentrations of epinephrine cause 
distinct contraction of the coronary artery and slow the passage of blood 
through the heart in the anesthetized animal with the chest open. 
However, observations made upon the unanesthetized dog by means of 
a thermostromuhr placed upon the circumflex branch of the coronary 
artery showed that the intravenous injection of 0.05 to 0.1 cc. of a I to 
1,000 solution of epinephrine causes an immediate but transient increase 
in coronary blood flow. This increase which may be ns great as from 
two to four times the control value lasts for about seven minutes. 

In organs in which the vessels ore obviously constricted, the degree 
vanes considerably, apparently according to the amount of control 
normally exercised by the constrictor nerves; thus the vessels of the 
uterus are more contracted than those of the bladder, and these again 
more than those of the striated muscles, which may even be dilated from 
the high blood-pressure arising from the constriction of the splanchnic 
vessels (Fig 42). The smaller veins arc constricted as well as the 
arterioles, and the constriction of the hepatic venules is more marked 
than that of the portal branches so that the blood accumulates in 
the liver, which becomes greatly swollen. This leads to a large escape 
of plasma from the blood and blood-counts therefore show an unusually 
high content of red cells. 

After moderate quantities of epinephrine the blood-pressure falls 
again after about five minutes, and not infrequently descends below 
the normal level. And in some instances when epinephrine is injected 
into on animal whose blood -pressure is very high, a fall of pressure 
occurs instead of the usual rise. Further, when the sympathetic myo- 
neural junctions in the vessels have liecn paralyzed by ergotoxme, 
epinephrine causes a distinct fall in the blood-pressure instead of the 
Usual rise (see Fig. 44, p. 510). This reversal of the epinephrine reaction 
was formerly explained by the theory that it stimulates not only the 
terminations of the vasoconstrictor nerves but also those of the vaso- 
dilators, and that the former usually prevail, but under certain conditions 
they may be exhausted more quickly or mnv be ineffective and the vaso- 
dilator stimulation then prevails. However, as shown by Dale and 
Richards, epinephrine causes dilation of the capillaries. This results 
in a decrease in the peripheral resistance which would lead to a fall in 
blood-pressure were it not compensated for by the constriction of the 
arterioles and the increased cardiac output. If the heart docs not 
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respond by an increased output and the constriction .of the arterioles 
fails to occur, or is of short duration, a fall in blood-pressure results. 

When epinephrine solutions arc injected into the femoral artery of a 
dog the usual response is a combined constriction and dilatation, the 
two phases varying in their time relationships (Roome). The site of 
dilatation is the capillaries while the constriction is confined to tlie 
arteries and arterioles. 

When very minute quantities of epinephrine are injected into an 
anesthetized cat or dog, ' a fall in the blood-pressure generally occurs, 
while a larger quantity induces vasoconstriction with the typical rise 
in pressure. In the unanesthetized animal a fall in blood-pressure does 
not occur when epinephrine is given intravenously, any effective quantity 
inducing always a rise in pressure. 

The acceleration of the heart under epinephrine is due to stimulation 
of the terminations of the accelerator nerves in the heart-muscle, and 
is therefore accompanied by a stronger contraction and more complete 
evacuation of the chambers; if the dose injected be large the accelerator 
action is too great to admit of complete relaxation during the diastole, 
and the output of the heart may be smaller, and a drop in the blood- 
pressure is observed. This accelerated beat is the characteristic feature 
of the epinephrine action, but it often gives place to the slow, full heat 
characteristic of inhibitory activity. This second phase of slowing of 
the heart beat is not observed if the vagi are divided or if atropine is 
given before epinephrine, so that it obviously arises from excitation of 
the vagus center; this is not entirely a direct epinephrine action but is 
largely a secondary result of the high blood-pressure, which induces 
congestion of the brain and arouses the vagus center to activity. After 
a short time, the blood-pressure beginning to fall, or, the vagus center 
becoming exhausted, the accelerator stimulation again gains the upper 
hand and the pulse is again much accelerated. 

The effect of epinephrine on the mammalian heart is thus in small 
doses to accelerate and strengthen it; in large amounts the acceleration 
may be excessive and impair its efficiency, or the acceleration may be 
temporarily replaced by inhibition which also reduces the output. 
Epinephrine increases the irritability of the heart and thus predisposes it 
to pass into fibrillary contractions. The frog’s heart is less easily affected 
than that of tiie mammals, but similar changes have been observed. 

In man, the subcutaneous injection of 0.5 to 1 mg. of epinephrine 
causes an elevation of blood-pressure, pallor of the face and extremities 
and an accelerated pulse rate. The systolic blood-pressure rises about 
10 to 30 mm. of mercury reaching its maximum in about one-half hour 
and subsiding after one to two hours. The diastolic pressure usually 
drops slightly indicating a diminished peripheral resistance. The pulse 
rate is increased 10 to 20 beats per minute. The cardiac output may be 
increased by 75 per cent above its basal level. 

The action on the heart may be demonstrated by perfusing very 
dilute solutions of epinephrine through the vessels of the excised heart, 
and the same method is used in investigating its action on the vessels 
of other organs. In the excised heart the accelerator and augment or 
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Fto 41 —'Change in distribution of blood m dog from small dose of epinephrine. With 
the increase in blood-pres'iire there is marked decrease in volume of kidney from constric- 
tion of its vessels. There is also constriction of vessels in mucous membrane of the nasal 
cavity. At first there is a passive dilatation of the leg vessels as blood is diverted to 
muscles from the splanchnic area, and as blood-prevsure returns to normal the leg volume 
decreases (Nelson), 



Fro. 42.— Blood-pressure {DP.) and bowel volume (1.1' ) of cat. At A injection of 
epinephrine The blood-pre-v-ure rises and bowel volume diminishes, indicating constric- 
tion of the mesenteric vessels As them* relic again the blood-prwure falls. The vagi 
had been divided previously, ao that there w no secondary slowing of the heart. (See also 
Fig. 41.) 
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action alone is visible, the stage of slowing being absent. The con- 
traction of the vessels in such organs as the kidney is shown by the 
diminished outflow' from the veins when epinephrine is added to the 
perfusing fluid; and different organs respond in different degrees, little 
■retardation of the flow occurring in the lungs, brain and heart com-, 
pared with that in the intestines, limbs, and kidney. A similar con- 
striction of the vessels may be observed when a solution of epinephrine is 
applied to a mucous 'membrane, for the part becomes pale and anemic 
from the constriction of the vessels; this is well seen when the drug 
is applied to the congested conjunctiva or to the mesentery. Painted 
on the unbroken skin epinephrine has no effect, .as it fails to penetrate 
it, but denuded surfaces become blanched, and hemorrhage ceases 
from small vessels. 

When it is injected hypodermically, the skin and subcutaneous tissues 
around the point of injection become pale and anemic and may be cut 
into without bleeding, and when it is applied to a bleeding surface, the 
hemorrhage is arrested unless some large artery has been opened. But 
even the direct application of epinephrine to a lesion of the lung or 
brain has little effect in stopping the bleeding, the vessels in these 
organs not being constricted by epinephrine to the same extent as those 
of other organs. 





Fia. 43. — Tracing of the movements of intestine (/) and of the uterus (U) of a rabbit 
under epinephrine injected at the point marked with an arrow. The intestine relaxes 
while the uterus contracts powerfully. 

The Respiration sometimes becomes irregular during the period of high 
blood-pressure, and periods of strong and rapid breathing may alternate 
with apnea. Small doses increase the depth of respiration, while larger 
doses reduce it. These effects are independent of the blood-pressure 
changes and are not affected by vagotomy. Perfusion experiments 
indicate that epinephrine acts directly on the respiratory center. ^ How- 
ever, the apnea observed following its injection is a reflex effect initiated 
by the elevated blood-pressure in the carotid sinus. 
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Stomach and Intestine.— The intravenous injection of epinephrine is 
followed by immediate cessation of the movements of the stomach and 
intestine, which become related to their full extent. This is in accord- 
ance with their innervation, for the splanchnic fibers are the inhibitory 
nerves of those organs and their stimulation also arrests peristalsis 
and causes relaxation (Fig. 43). But certain specialized parts of the 
bowel wall receive motor fibers from the sympathetic— the pyloric, 
iieo-colic and internal anal sphincters and the muscularis mucosa—and 
these are thrown into contraction by epinephrine. The movements of 
the gall-bladder are inhibited and those of the bile-duct are increased 
by sympathetic stimulation and also by epinephrine. 

The reaction of the Bladder to epinephrine differs in different species 
of animals according to the nature of the dominant impulses of the 
lumbar sympathetic nerves. 

Uterus.— The reaction of the uterus to epinephrine differs in different 
animals and even in the same animal at different periods. In the 
non-pregnant cat, epinephrine generally causes inhibition of the move- 
ments and relaxation, while in the pregnant cat its injection is followed 
by powerful contractions; in the rabbit epinephrine almost always causes 
contraction whether the animal is gravid or not, while in the dog the 
uterus first contracts and then ‘passes into a position of relaxation and 
inhibition. In each case the action of epinephrine is identical with that 
of stimulation of the hypogastric nerves which carry both motor and 
inhibitory libers to the uterus; the relative power of the two sets of 
fibers varies in different animals and in different conditions in the same 
way as the action of epinephrine (Fig. 43). Small doses of epinephrine 
reduce the amplitude of the contractions of the human gravid uterus. 
However, after larger doses uterine activity is markedly increased and 
then inhibited. 

The Eye.— The intravenous injection of epinephrine is followed by 
dilatation of the pupil, the eyelids arc widely opened, the eyeball is 
protruded, and the nictitating membrane withdrawn, the action cor- 
responds exactly to the effects of stimulation of the cervical sympa- 
thetic fibers; it occurs w’hen these have been eut> and is even intensified 
when they have been allowed to degenerate Applied locally to the eye, 
it constricts the vessels of the conjunctiva and often dilates the pupil 
and reduces the intra-oeulap tension for a short time. 

Bronchial Muscle.— Epinephrine injected intravenously dilates the 
bronchi widely, an effect which is especially no*' 1 — 1 ' hey have 

been previously constricted *— " ine. In 

bronchial . ' to 1000 

solution. ‘ . t,.«c relief through 

its relaxii musculature. This action is not 

* the same . - u nation caused by atropine, but arises from epinephrine 

stimulating the terminations of the bronchial sympathetic fibers, which 
cause relaxation of the muscle. 

Other Organs containing umtriated muscle arc similarly affected, some 
undergoing contraction, while others are inhibited under epinephrine, 
and in each case the result corresponds with the effect of stimulation of 
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the fibers of the sympathetic supply, 'fhe spleen reacts to even minute 
doses of epinephrine with contraction. Epinephrine induces contraction 
of the pigment in the scales of the small fish ,fundulus and of the melano- 
pliores of the frog. 

The Secretions do not present such marked changes under epinephrine, 
though they are also generally increased when they are controlled by the 
sympathetic nerves. This is due to the fact that the blood supply is 
simultaneously reduced by the vasoconstriction. For example, the 
secretion of the pancreas is arrested by epinephrine as a result of the 
ischemia of the gland which the drug induces. The saliva under epineph- 
rine corresponds in character with that secreted on stimulation of the 
cervical sympathetic trunk, not with that from stimulation of the 
chorda tympani, which is a cranial autonomic nerve and is therefore 
not susceptible, to epinephrine. 

^/ / The sweat glands provide the most notable exception to the rule that 
epinephrine has the same effect as sympathetic stimulation, for though 
they are innervated by sympathetic fibers whose stimulation causes 
secretion, epinephrine has no effect on the sweat secretion. Although 
belonging to the sympathetic system, anatomically, the innervation of 
the sweat glands acts pharmacologically as if a part of the parasympa- 
thetic. In other words, the postganglionic sympathetic fibers innervat- 
ing the sweat glands are cholinergic releasing acetylcholine as their 
chemical mediator. As cholinergic fibers they are paralyzed by atropine 
(c/. page 4C8). The sympathetic preganglionic fibers and the post- 
ganglionic sympathetic fibers which cause vasodilation are also cholin- 
ergic and hence insofar as their pharmacological reactions are concerned 
do not react like the rest of the anatomic sympathetic system. 

The secretion of the urine is often arrested immediately on the injec- 
tion of epinephrine and is then considerably augmented. This appears 
to be due to the vascular action, the renal vessels being constricted at 
first but relaxing sooner than those of the other organs; the flow of 
blood through the kidney is thus reduced at first and the urinary secre- 
tion falls or stops altogether; then an abnormally large flow occurs from 
the renal vessels dilating while the blood-pressure is still high, and more 
urine is accordingly secreted. 

The basal metabolic rate is elevated following the injection of epi- 
nephrine with an increase in the utilization of carbohydrate and a slight 
rise in body temperature. Glycogenolysis in the liver is stimulated 
with an increase in the level of the blood sugar which may give rise to 
glycosuria. In fasting animals hyperglycemia occurs with a concurrent 
storage of glycogen in the liver so that the effect of epinephrine on car- 
bohydrate metabolism is not limited to its glycolytic action. The 
accelerated breaking down of glycogen arises from epinephrine stimulat- • 
ing the terminal mechanism of the sympathetic nerves in the liver that 
control the glycogenic function. However, epinephrine also stimulates 
glycogenolysis in the muscles with the formation of lactic acid which is 
converted to glycogen in the liver. The urea excretion is lessened 
during the stage of diminished urinary flow but during the stage of 
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polyuria it is increased, the urea and also the chloride excretion rates 
varying directly with the rate of excretion of water. 

Mechanism of Action.— Epinephrine thus acts in the same way as 
stimulation of the sympathetic nerves and is held to induce its effects by 
stimulating the mechanism lying between the nerves and the muscle. 
It obviously does not act on the contractile muscle itself, for some 
involuntary muscle contracts under it while in other organs it relaxes. 
And it is found that after ergotoxine, an alkaloid which antagonizes the 
action of epinephrine in some organs, the muscle remains active though 
the receptor on which epinephrine acts is paralyzed. Epinephrine 
therefore does not act on the contractile mechanism of muscle. On the 
other hand it does not act on the anatomical nerve ends, for after these 
have degenerated and disappeared, the usual effects of epinephrine are 
elicited by its injection It is obvious that the action is exercised on 
some substance intermediate between the nerve and the contractile 
material of muscle and this has been termed the “myoneural junction 
or receptive substance.” 

Epinephrine injected intravenously acts in very small quantities, 
0001 mg. often sufficing to raise the blood-pressure in the dog. The 
effect is of very short duration, but it may be repeated indefinitely by 
fresh injections. There is n rapid inactivation of epinephrine in the 
tissues. Wien the blood-pressure regains its normal level after an 
injection of epinephrine, none of the alkaloid can be detected ia the 
Wood or tissues. Since epinephrine is readily oxidized i n ntro by 
reduced cytochrome C, it was formerly believed that a similar oxidation 
occurred in the body and that epinephrine was inactivated in tins way. 
However, recent evidence indicates that epinephrine is excreted in the 
form of a conjugated compound in which sulfuric acid is combined with 
one of the phenolic hydroxyl groups (Beyer and Shapiro) 

Epinephrine applied locally induces such vasoconstriction that it is 
only slowly absorbed. Injected hypodermically it causes local ischemia 
so that comparatively large doses (0 h to 1 mg.) compared with those 
necessary by intravenous injection are required to give a distinct rise of 
blood-pressure and dilation of the bronchi, injected intramuscularly it 
induces stronger general effects Epinephrine is ineffective when 
administered orally unless used in large doses (4 mg ) being converted in 
the gastrointestinal tract to toxic oxidation products. The massage of 
the skin over the area in which a hypodermic injection has been made 
enhances the effect of the drug, the action of which znay be elicited in 
this way even an hour after its original injection. 

Toxicology, — Animals are poisoned by large amounts injected hypo- 
dermically with prostration , collapse and paralysis of the central nervous 
system, ending in failure of the respiration and edema of the lungs. 
Similar symptoms arise from the intravenous injection of very large 
doses, but here the effects of the high blood-pressure are also in evidence 
in numerous hemorrhages. The minimal lethal dose of epinephrine 
administered subcutaneously to man is about 30 mg. per kilo of body 
weight, but alarming symptoms may follow the intravenous injection of 
a total dose as little as 0.3 eng. Atropine is a useful antidote. 
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Adrenergic Action.— Cannon and his co-workers first demonstrated 
that the stimulation of a sympathetic nerve in an intact animal will 
release into the blood stream a substance having many of the character- 
istics of epinephrine and to this substance they gave the name sympathin. 
While epinephrine and sympathin have similar actions in many in- 
stances, they show certain differences in action which should preclude 
their identity. One of these differences is in their relation to ergotoxine 
which produces the well-known vasomotor reversal effects with epineph- 
rine, but with sympathin there is no such phenomenon. Moreover, 
whereas epinephrine exerts both excitatory as well as inhibitory effects, 
this is not the case with sympathin. In fact the sympathins derived 
from the stimulation of different sympathetic nerves, such as those 
going to the heart or liver, or from stimulation of the hypogastric nerve 
differ, not only from epinephrine, but also from each other. On this 
account, the sympathins have been put into two groups —sympathin E 
and sympathin I, depending upon whether they stimulate the structure 
to which the nerve is distributed or depress it. Sympathin E is liberated 
by nerve endings in structures which are excited by sympathetic stimu- 
lation, e. g., the cardiac muscle, liver, blood-vessels, smooth muscle 
of the skin, etc. Sympathin I, is liberated by nerve endings in structures 
which are inhibited by sympathetic stimulation, e. g., the intestinal 
musculature, the coronary vessels of the heart, etc. 

It is now believed that the sympathin is released in the immediate 
vicinity of the reacting mechanism and probably within the cell itself 
and that this production of sympathin is responsible for the transmis- 
sion of the sympathetic nerve impulse to the affected mechanism. The 
fibers which liberate these epinephrine (adrenalin)-like substances are 
therefore designated as adrenergic. They include the ' sympathetic 
endings of the smooth muscle in the skin, the gastro-intestinal tract, the 
cardio-accelerator apparatus, the vasoconstrictors, the hepatic nerves, 
the hypogastric, etc. Epinephrine, then may be said to simulate the 
effect of stimulating adrenergic fibers. It includes the effects elicited 
by the liberation of both sympathin E and I. The action of both 
sympathins and epinephrine are augmented by cocaine 1 and both give 
the Viale color reaction but as already stated the two are not identical. 

Therapeutic Uses.— Epinephrine hydrochloride is extensively used in 
therapeutics in the form of a 1 to 1,000 aqueous solution with the addi- 
tion of chlorobutanol and potassium bisulfite as stabilizing agents. It 
is also available as a 1 to 10,000 and 1 to 2,600 solution for injection, in 
the form of an inhalant to 1,000) with chloretone, as a suppository, as 
an ointment, as a 1 to 100 solution for use as a spray, and as 1 to 500 
suspension in oil. Epinephrine is prepared from adrenal glands or 
synthetically. The latter preparations are marketed in the form of the 
levorotatory isomer which is identical with the naturally occurring 
compound, the dextrorotatory isomer being relatively inactive. 

The principal uses of epinephrine depend upon its action in con- 
stricting the blood-vessels of the skin, stimulating the heart, relaxing 
the bronchioles and inducing glycogenolysis. _ , 

The general action of epinephrine on the circulation may be induced 
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in such emergencies as heart failure, in which its powers of restoring the 
circulation have been proved both in animals and in man; for example, 
in animals in which the heart has been arrested by excessive doses of 
ether, the circulation may be restored by the intravenous or intracardiac 
injection of epinephrine. The dose suggested for intravenous injection 
is 0.2 cc. of the solution well diluted. Excessive doses may be harmful. 
In this connection it is to be borne in mind that epinephrine may tend to 
cause fibrillation of the ventricle in cyclopropane and chloroform anes- 
thesia. The intracardiac injection of epinephrine has been frequently 


musculature through a long needle inserted in the xourui leu imeicosiai 
space. 

Epinephrine has also been employed in “shock” to constrict the 
vessels. Where the symptoms are largely nervous in origin, this may be 
good practice, but when true secondary shock lias developed with 
capillary distention and reduced blood volume, epinephrine is of no 
service and indeed it may be harmful if large doses are used. The 
treatment should aim at increasing the volume of the blood in circula- 
tion by the transfusion of blood or the infusion of saline or glucose 
solution. 

The great use of epinephrine is, however, due to its local effects on the 
vessels. No other body is known 
tion of the vessels in any part to 
has practically only local effects, 

Complete bloodlessness of a part may thus be elicited without significant 
alteration of the general blood-pressure, and in fact without any appreci- 
able effect upon other parts of the body. This local ischemia has been 
largely employed to allow of bloodless operations on the eye and to 
remove congestion of the conjunctiva from various causes. It is often 
administered with the local anesthetics in operations on the eye, being 
used especially with cocaine and procaine. Here it. not only gives a 
bloodless field of operation but also limits the absorption of the anes- 
thetic and prolongs its action In congestion of the nasal mucous 
membrane and in operations on the nose it is also used extensively and 
with much success; the 1 per mille solution may be sprayed into the 
nose, or cotton soaked in it may be packed into the cavity. In epistaxis 
and in operations on the nose or throat, the hemorrhage ceases almost 
completely and the contraction of the mucous membrane permits of a 
clearer view of the field of operation. Hay fever is often temporarily 
relieved by similar treatment. , .... 

The constriction of/ the vessels in a part to \thich epinephrine is 
applied retards the absorption of local anesthetics injected with the 
epinephrine, and at the same time permits of their exercising a more 
marked local effect This fact is utilized in surgery to prevent the 
absorption of the local anesthetics and to intensify their action. 

The hypodermic injection of 0.3 to 0 5 cc. of the solution often gives 
relief in asthmatic attacks immediately; apparently enough of this 
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large dose is absorbed to stimulate the dilator nerve fibers in the bronchi. 
The dose may be repeated in fifteen minutes if required but the effect 
usually lasts much longer than that. It is most valuable in the treat- 
ment of a severe acute attack, other drugs being preferred when the 
asthmatic paroxysms are frequent. For use in asthma, epinephrine is 
usually administered hypodermically in the form of a 1 : 1,000 solution. 
It is also available in the form of a 1 per cent solution to be used as a 
spray. When used in this concentration a sufficient amount of the drag 
is absorbed through the mucosa to induce the desired affect. The sus- 
pension of epinephrine in oil (1 to 500) is also used to prolong the action 
of the drug and to maintain sustained relief for a longer period than is 
possible when the aqueous solution is administered. The dose of the 
suspension in oil is 0.2 to 1.5 cc. (0.4 to 3 mg.) administered intramuscu- 
larly every eight to sixteen hours. 

In urticaria, angioneurotic edema, and serum sickness the drug may 
be given hypodermically in doses of 0.0 to I cc. of the 1 to 1,000 solution 
and it often produces a great improvement in the symptoms. 

Epinephrine may also be used in the same manner and dosage to 
prevent the occurrence of the nitritoid crises following the use of arsphen* 
amine or indeed to treat this condition in case it has occurred. Also 
0.5 to 1 cc. of the solution may be injected subcutaneously to offset the 
symptoms of hypoglycemia produced at times in a diabetic patient by 
insulin. Its effectiveness in relieving 'hypoglycemia is dependent upon 
the presence of glycogen in the liver. If the supply of glycogen is 
depleted as, for example, following muscular exertion the injection of 
epinephrine is without effect on the level of the blood sugar. 

Epinephrine has also been used locally in the form of a 2 per cent 
solution in the treatment of glaucoma. Although favorable results are 
obtained in some cases, it is ineffective in others. 

Preparations 
17. S. P. 

Epinephrina, 7-mcthylaminoethanolcatecbol. . , 

Liquor Epinephrine Hydroctiloridi, 0.1 of 1 per cent solution of epineph- 
rine hydrochloride. Dose, 0 5 cc. 

Injectio Epinephrine llrDnocnionmi. Dose, 1 rag., subcutaneously or 
intramuscularly. _ 

Nebuba Epinephrine HronocnLoRiM, epinephrine hydrochloride spray 
{1 per cent). 

B. P. 

Adrenalina, epinephrine. Dose, 0.0001 to 0.0005 gram. .. 

Liquor Aorenalina: Htdroculoridi, 0.1 of 1 per cent solution of adrenaline 
hydrochloride. Dose, 0 12 to 0.5 mil. 
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2. Ephedrine 

Ephedrine is an alkaloid obtained from ma huang (Ephedra equis- 
ctina), a drug which has been used by the Chinese from early times. The 
alkaloid, which was first isolated by Nagai in 1887, is closely related 
both chemically and pharmacologically to epinephrine as will be seen 
by the following formula: 

CHOH CHCHj NHCHj 



Ephedrine 


Ephedrine remained practically unnoticed until 1923 when Schmidt 
and Chen undertook its systematic pharmacologic investigation and 
demonstrated its epinephrine-like action. 

Solutions of ephedrine are more stable than are those of epinephrine 
and the drug is active when given by mouth. 

Actions.— In man the drug in doses of from 20 to 50 mg. given by 
mouth produces an increase in blood-pressure with decreased heart 
rate, associated at times with some throbbing in the head and a feeling 
of palpitation and anxiety. These effects may last for two hours. In 
certain persons the anxiety complex is so marked as to serve as a contra- 
indication to the use of the drug. 

Injected into animals the alkaloid produces an increase in heart rate 
and in the strength of the contractions and a prolonged rise in blood- 
pressure. Repeated injections result in less and less response in which 
respect ephedrine differs from epinephrine which does not show this 
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phenomenon of tachyphylaxis. . The increase in the rate of the heart is' 
due to an action upon, the accelerator mechanism, but in man this action 
ran y be overcome by increased activity of the inhibitory mechanism, 
and slowing of the heart often results together with an increase in both 
systolic and diastolic pressure. In the unanesthetized dog small doses 
of ephedrine induce at once a marked bradycardia followed by extra- 
systoles and a slow rhythm (Meek and Scevers), These two stages are 
the result of a primary followed by a reflex stimulation of the vagus 
nerve, the reflex action on the vagus being the result of increased blood- 
pressure. Tachycardia follows the stage of slowing and in case atropine 
is given at the beginning of the observations the tachycardia comes on 
early. These cardiac phenomena are largely prevented or removed by 
the administration of sodium barbital, which acts to lessen the vagal 
effects by a certain degree of paralysis and also probably by some depres- 
sion of the automatic centers. 

In animals vasoconstriction occurs, especially in the splanchnic area, 
resembling that produced by epinephrine except that it is more pro- 
longed. Inhibition of the intestine lias been reported by some workers, 
but the effect of ephedrine on the gastro-intestinal tract is not striking. 
Contraction of the uterus is produced in all species of animals examined. 
Upon the normal bronchial muscles there is little effect, but relaxation 
follows if the tone of the muscles has been increased by histamine or by 
physostigmine. The pupil is dilated due to an action upon the iris and 
occurring after the iris has been denervated by section of the cervical 
sympathetica, and when cocaine is no longer active, it must act periph- 
erally to the latter drug. 

Ephedrine like epinephrine has an excitatory action on the central 
nervous system as shown by the shortening of the period of the hypnotic 
action of the barbiturates. The drug also stimulates mildly the respira- 
tory center. 

The alkaloid has little effect upon secretions such as the sweat, nor 
does it alter body temperature, although it was for these two effects 
that it has been employed by the Chinese for so long. * 

The fate of ephedrine in the body is unknown. It has a relatively 
low toxicity. # . 

Mechanism of Action.— The drug resembles epinephrine closely in its 
effect and in general acts upon the same structures in the body. How- 
ever, in addition to its sympathomimetic action, as with epinephrine, it 
also acts upon the muscle cell itself. 

It has been suggested that ephedrine manifests an action in relation 
to epinephrine similar to that which exists between physostigmine and 
acetylcholine (Gaddum). In the latter case, as was discussed under the 
general subject of physostigmine, this drug was shown to inhibit the 
action of the enzyme which is responsible for the rapid destruction of the 
acetylcholine which is liberated when parasympathetic (cholinergic; 
nerves are stimulated. In like manner -when sympathetic (adrenergic; 
nerves are stimulated, ephedrine which is closely related chemically to 
epinephrine, may inhibit the destruction of epinephrine in the sam* 
manner that physostigmine protects acetylcholine, and in this way 
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certain of the ephedrine actions may really be due to epinephrine. The 
action of epinephrine is definitely potentiated by ephedrine when the 
ephedrine h in low concentration, but it is antagonized by high concen- 
trations. This latter effect is explained by the theory that the epheclrine 
combines and blocks, the motor receptors. Since ephedrine resembles 
epinephrine closely in structure, it is logical to expect that it too should 
exert an adrenergic action. 

From the clinical standpoint the main difference in its action from 
that of epinephrine is that ephedrine is active v.ben given by mouth and 
its effects are more prolonged than are those of epinephrine. 

Therapeutic Uses.— Ephedrine in the form of its suits is widely used in 
medicine particularly lor the symptomatic relief of asthma and other 
allergic disorders. It is derived from natural sources or prepared 
synthetically. The latter preparation is racemic and is designated as 
rstcfphedrine. 

Ephedrine preparations are used locally in the eye to dilate the pupils 
and in the nostrils to shrink the congested mucosa in rhinitis and sinu- 
sitis. For the latter purpose it is used in a 0.5 to 2 per cent solution or 
In the form of a jelly, fn ophthalmologic work, a 4 per cent solution 
is used. 

Ephedrine is useful in asthma especially to prevent the attacks but it 
often fails to elicit the desired response. For this purpose it may be 
given orally in doses of 20 to 50 mg. every three to four hours It seems 
to be more active in preventing an attack than in relieving one already 
present. It is also used in hay fever and urticaria, usually in the form 
of a spray or in so! ution 

Ephedrine is used to counteract the low blood-pressure sometimes 
seen in spinal anesthesia but it is of doubtful value Jn serious circulatory 
collapse. Ephedrine has been found useful as an adjunct in the symp- 
tomatic treatment of some cases of myasthenia gravis. It has also been 
recommended in the management of enuresis. The administration of 
ephedrine tends to produce symptoms of anxiety Ulrich may constitute 
a contraindication to its use. For this reason it is often administered 
in combination with one of the barbiturates. 


Preparation's 

U S P. 

Ewiewu.va, ephedrine C 1# H,»OK An alkaloid derived from various species 
of ephedra. It is soluble in water, alcohol, and liquid petrolatum 

EpuEtjRiNic HvBRocMWUUOtni. The hydrochloride or epneonne is soluble ill 
n ater and in alcohol. Ito«c, 25 mg , ... 

Epuewon-.k Sulfas The sulfate of cphedmse >s soluble mnater and with 
difficulty in cold alcohol— more freely in hot alcohol Dose, -o mg. 


D P 

EriJgDRtXA, ephedrine, the hemih} drafeof 1-^-bydrcm -p-mcthylammopro- 
mibenmie. I>o*e, 0.01 G toO 1 gram 
EpKEmuN'.R IlTtmociiLonionu Dose, 0010 to 0 1 gram 
Tabeluu EniEWu,v,e Hyrmocmonmi, tablets of ephedrine hydrochloride. 
Vote, O 01$ to O.l gra m 
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3. Amphetamine 

Amphetamine (benzedrine) l-phenyl-2-aminopropane, is a synthetic 
preparation belonging to the sympathomimetic group of drugs and 
closely related to epinephrine and ephedrine. It is a colorless liquid 
which on exposure to air rapidly changes into the carbonate, both the 
base itself and the carbonate being volatile. The free base is admin- 
istered by inhalation or as a spray in the form of a 1 per cent solution 
in liquid petrolatum. The sulfate of benzedrine, on the other hand, is 
non-volatile and is used for both local and general effects in the form of 
tablets'or in solution. 

CHrCHNHrCH, 



Amphetamine 


Action.— Applied locally amphetamine produces shrinking of the 
mucous membranes with a lessening of the nasal secretion. Excessive 
inhalation of the vapor will produce certain toxic symptoms such as 
stimulation of the central nervous system with wakefulness, an increase 
in blood-pressure and some cardiac weakness. Diuresis also occurs at 
times in susceptible persons. 

Administered to man, benzedrine sulfate produces a stimulation of 
the central nervous system as shown by an increase in alertness and m 
motor and psychical activity, together with a decrease in fatigue, 
accompanied at times by insomnia. There is usually a rise in blood- 
pressure which ma3' be prolonged and some slowing of the heart with 
irregularities such as extrasystoles or paroxysmal tachycardia. 
atropine is given with amphetamine, the pulse rate is greatly increased* 
The drug has little effect upon the tone of the normal gastro-intestma 
tract but will relax the organ if it is in a condition of hyperionicity. A 
moderate increase in basal metabolic rate occurs together with some los 
of weight and an increase in the cellular content of the blood is explained 
by a possible vasoconstriction in the blood reservoirs in the body- Toxi c 
doses produce hyperexcitability and insomnia followed by depression- 
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There may be abdominal cramps and hematuria followed by collapse, 
convulsions and coma. 

Injected into animals the drug produces a stimulation of the central 
nervous system with an increase in the rate and depth of the respiration. 
There is a marked increase in blood-pressure. With toxic doses there is 
a dilatation of the pupil, erection of the hair, salivation and tonic and 
clonic convulsions. On excised tissues the drug in high dilutions has 
little effect except some inhibition upon the intestinal musculature of the 
cat. In slightly more concentrated solutions it causes contraction of all 
smooth muscle. 

Therapeutic Uses.— Benzedrine is used in a 1 per cent solution in 
liquid petrolatum for its vasoconstrictor effect in the upper respiratory 
passages. It is also used by inhalation combined with menthol and a 
flavoring off. Used in this form it should not be employed at too fre- 
quent intervals as excessive use may cause restlessness and insomnia. 
Benzedrine sulfate (amphetamine sulfate) is often used in conjunc- 
tion with homatropine as a cycloplegic. Internally it is employed in 
the form of tablets in doses of from 5 to 10 mg. for the treatment of nar- 
colepsy, resulting usually in relief from the attacks of sleep and cata- 
plexy. In some cases the doses named may have to be increased in 
order to produce the desired effects. In postencephalitic Parkinsonism 
used in conjunction with stramonium or scopolamine it has proved of 
value. It is also valuable in certain depressive psychopathic condi- 
tions, but such use should be confined to cases in institutions. It is 
useful in depressions characterized by apathy and psychomotor retarda- 
tion and contraindicated in patients manifesting anxiety or hyper- 
excitability. It is not to be recommended as a remedy for sleepiness or 
fatigue, not only because of the danger of the formation of the habit, 
but also because it would remove a warning signal of overw ork or over- 
strain in the individual Then, too, the possible vasopressor effects would 
be undesirable and cases of collapse have been reported from such use. 

. For the same reasons it should not be used as a central nervous stimulant 
to develop a sense of increased energy or increased capacity for work. 

Amphetamine has been advocated in the treatment of obesity as a 
means of counteracting the depression induced by hunger, but its use 
for tiffs purpose lias not received official sanction. 

The drug has been used in various spastic states of the gastfo-intestinftl 
tract and as an aid in the roentgenolographic study of this structure, 
but the evidence as to its value in these conditions is somewhat con- 
tradictory. 

Amphetamine has also been used as an adjunct in the treatment of 
alcoholism. 

The effective dose of amphetamine varies in different conditions. It 
is therefore desirable to begin with small initial doses (2.5 to 5 mg.) 
increasing gradually until the desired effects are obtained T! ic u v e of a 
smalt test dose to determine hypersensitivity to the drug is advisable. _ 

The u-e of benzedrine sulfate is definitely contraindicated in condi- 
tions associated with hypertension, coronary artery disease and in states 
of excitement. The possibility of habituation to the drug must always 
be kept in mind. 
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Preparations 
' B. P. 

Amphetamina, amphetamine, C«H»'CHiC’H(CHj)*NHj, /?-aminopropvl- 
benzene. , 

Amphetamine Sulphas, amphetamine sulphate. Dose, 0.005 to 0.01 gram. 
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4. Other Sympathomimetic Drugs 

Various synthetic compounds which are more or less closely related 
chemically to epinephrine and ephedrine have been introduced into 
therapeutics as substitutes for the naturally occurring compounds. In 
genera] the clianges which have been made in the molecule have rendered 
the compound more stable so that it is not so easily broken down in the 
body, thus prolonging its action and at the same time lessening its 
activity and toxicity. Numerous compounds of this series have been 
prepared and studied and it is possible to correlate their pharmacologic 
activity and chemical structure as first shown by Barger and Dale. 

The molecules of epinephrine and ephedrine consist of^a hydroxy- 

this activity being greatest in butyl amine, me introduction w ** 
benzyl group enhances the sympathomimetic activity, phenylethylamine 
being the most active of the series. When a hydroxyl group is intro- 
duced into the benzene ring in the meta or para positions, the activity 
is still further increased. Still greater activity is manifested by com- 
pounds in which a methyl group is introduced into the primary amine 
group of the side chain and a further enhancement of activity is obtained 
by the introduction of a hydroxyl group attached to the carbon next to 
the benzene ring. Epinephrine and ephedrine are examples of com- 
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pounds the structure of -which conforms to the requirements of maxima! 
activity. 

> The excitatory and inhibitory effects which are manifested by epineph- 
rine are not altered equally by changes in the epinephrine molecule. 
It is, therefore, possible to prepare compounds which exert primarily 
one or another of these actions, that is, which resemble more closely 
sympathin E and sympathin I in their activity. The goal of investigate rs 
lias therefore been not only to produce more stable compounds with a 
prolonged action but also derivatives which, for example, might relax 
the bronchioles without exerting pressor and excitatory effects for use 
in asthma. Only a few of these compounds of therapeutic interest can 
be considered here. Indeed the actions of many of these compounds are 
such that they can not be designated as sympathomimetic in the strict 
sense of this term However, because of their chemical relationship to 
the other sympathomimetic drugs they arc usually thus designated and 
will be considered here. 

Of the compounds discussed below only neosynephrine, fcephrinc and 
propadrine are included in New and Non-Oflicial Remedies. 

Synephrine and neosynephrine differ from epinephrine in that they have 
only one hydroxyl attached to the benzene ring instead of two as in 
epinephrine. They differ from each other in that in synephrine the 
hydroxyl is in the para position while in neosynephrine it is in the meta 
position. The former compound rotates polarized light to the right 
while neosynephrine rotates it to the left. 

CKOH CH» NH CH« CHOU CH, NH CH, 

Neosynephrine 

Synephrine (sympatoi) as a vasoconstrictor is weaker than epinephrine 
but the constriction is mare prolonged. In general it is from one-fiftieth 
to one one-hundredth as strong as epinephrine. Through an action upon 
the smooth muscle it causes relaxation of the intestine nnd of the bron- 
chial muscle. It dilates the pupils and increases the tone of the uterus. 
Applied locally it Constricts the smaller vessels, thus reducing con- 
gestion and swelling and in the no*e it causes little irritation and sneezing. 

Neosynephrine on account of certain advantages which it po^c^es over 
synephnn has replaced it in therapeutics. Injected into cats it causes 
an increase in blood-pressure which is considerably more prolonged than 
Is that produced by epinephrine, and in man the pressure increase may 
be quite prolonged Ergotamine, which will reverse the ri«e produced 
by epinephrine through paralysis of the motor receptive substances, 
has little effect in the ease of neosynephrin, indicating that the con- 
strictor effect is largely limited to the muscle in the vessel walk 

Applied locally to mucous membranes in a 0.25 to 0.5 f>er cent solution 
it constricts the smaller vessels atul reduces congestion and swelling and 



OH 

Synephrine 



504 


SUBSTANCES ACTING AFTER ABSORPTION 


it may therefore be used in rhinitis and hay fever. It is also used to 
prolong the anesthesia produced by procaine and the other local anes- 
thetics. Neosynephrine is also used to combat a drop in bJood-pressurc 
occurring during spinal anesthesia and in other acute hypotensive states 
due to vasomotor failure but it is useless in shock due to loss of circulat- 
ing blood volume. It is also used as a mydriatic, 1 or 2 drops of a 1 per 
cent solution being dropped in the eye. - 
For hypodermic injection, neosynephrine is used in doses of 0.1 to 
0.5 cc. of a 1 per cent solution. A 2| per cent ophthalmic solution , a l 
and 10 per cent emulsion and a | per cent solution are also available 
for ophthalmic use. 


0=C — OH? — NH— 'CH.-HCl 



Kephrine hydrochloride 


Kephrine hydrochloride, methylamino-acetocatechol hydrochloride, is 
the hydrochloride of a base resembling epinephrine. Kephrine differs 
from the latter only in the substitution of a keto (C = 0) group for the 
secondary alcohol group (CH 2 OH) of epinephrine. 

In its action, kephrine hydrochloride is less powerful than epinephrine 
but its effects are more prolonged. It is used as a local hemostatic to 
arrest capillary bleeding. Its action comes on within two to three 
minutes and lasts for one to two hours. Since it is not absorbed in 
appreciable amounts, systemic effects, such as a rise in blood-pressure, 
do not follow its local application. 

The drug is marketed in the form of a powder in suppositories or 
impregnated in gauze and bandages. The powder contains 5 per cent 
of kephrine hydrochloride in tricalcium phosphate,' the suppositories 
consist of 3 parts of the drug, 1 part of extract of belladonna, and 96 
parts of a suppository base; the bandages and gauze contain a gram 
of the drug per 3,000 square centimeters. 

CHOHCHNHt-CHrHCl 


Propadrine hydrochloride 

Propadrine hydrochloride, the hydrochloride of a-hydroxy, /3-amino- 
propyl henzene, differs from ephedrine in that the methyl group attached 
to the NH of ephedrine is replaced by a hydrogen atom. _ 

In action it resembles ephedrine closely. Like the latter vt constricts 
the capillaries and shrinks the mucous membranes when applied locally. 
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Its action is somewhat more prolonged than that of ephedrine and it is 
less apt to induce the anxiety effects observed following the use of the 
latter drug. 

Propadrinc^ hydrochloride is marketed in the form of an elixir, in 
capsules as a jelly and in the form of a 1 per cent aqueous solution. The 
solution is used as a spray or instillation, the jelly is applied locally and 
the capsules are administered orally in doses of 24 mg. every two to four 
hours. 3t is used in asthma and hay fever and to alleviate nasal con- 
gestion. 

CFfj CHNHj CHj 


OH 

Paredrine 

Paredrine, a proprietary preparation of methyl tyramine, is more 
stable than epinephrine and Jacks the excitatory action of the latter on 
the central nervous system. It has a pressor action being about 1/50 
to 5/100 as active as epinephrine in this respect, but is effective when 
administered orally as well as parentcrally. It docs not cause vaso- 
constriction when injected intradcrmally. The effects of paredrine on 
the vascular system resemble those observed pathologically in essential 
hypertension (Iglauer and Altschulc) 

I’aredrine has been used clinically as a mydriatic in ophthalmology, 
as a pressor agent during spinal anesthesia and in Adams-Stokes syn- 
drome. 

CH« CIINHCHi CH» 



Paredrinol 


Paredriaol introduced under the trade-name “ventol” differ? from 
paredrine in having a methyl group attached to the amino nitrogen. In 
action it resembles paredrine and like the latter also causes venous con- 
striction with a rise in the peripheral resistance. It has about half the 
pressor activity of ephedrine 

CHOHCHNHiCH, 



on 

Cobefnne 
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Cobefrine hydrochloride, a proprietary preparation of racemic, 3,4- 
diliydroxyplicnyl propanolamine hydrochloride, is about half as effective 
as epinephrine in constricting the blood-vessels and raising the blood- 
pressure. It has been used locally in a 1 to 200 aqueous solution to 
control capillary hemorrhage and as a vasoconstrictor in local anesthesia. 

Epinene hydrochloride, 3,4 dihydroxy-phenylethyl-methylamine hydro- 
chloride, is only about a tenth as active as epinephrine but its action is 
more prolonged. 

CHrCHrNHCH, 

OH 

Epinene 

Tyramine.— A number of other substances are known which resemble 
epinephrine in action and in chemical structure- Some arc found in 
nature, being produced from the amino-acids by the removal of the 
carboxyl group; the amino-acids are formed in the decomposition of 
proteins and where this occurs in the presence of putrefactive organisms 
these bases are liable to occur. The best known of these is Tyramine or 


CHi-CH-Nfli COOH— >HO< 
Tyrosine 


GHrCIIrNHt + CO. 
Tyramine 


hydroxy-phenylethylaraine which is formed by decarboxylation of the 
amino-acid, tyrosine. These bases arc all less active than epinephrine 
but otherwise present no significant divergence from it in their effects on 
the organism. Tyramine exerts less action on the terminations of the 
inhibitory nerves, and increases the blood-pressure more wiien it is 
injected hypodermically. Tyramine occurs in preparations of ergot and 
was first identified in putrefying flesh. It is not used therapeutically. 

Methyl ephedrine, a tertiary amine, was first prepared by Negri and 
later isolated by Smith from Ephedra. On the blood-pressure, the effect 
of the methyl compound is about one-tenth as great as ephedrine and 
the heart is less accelerated. In dogs under luminal it will slow and 
deepen the respiration, but it does not antagonize the action of morphine 
upon the respiration. It does not stimulate the central nervous system 
as does ephedrine, and while ‘it is less toxic for dogs and rabbits, the 
symptoms produced are much like those from ephedrine. Methyl 
ephedrine dilates constricted bronchi but the action is slightly weaker 
than with ephedrine. 

Other members of this group of drugs which have been used in 
medicine are arterenol, which differs from epinephrine in lacking the 
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methyl group attached to the amino-nitrogen, and suprifen which is the 
para hydroxy derivative of ephedrine. 

Imidazole derivatives have also been prepared which exert actions 
similar in some respects to the compounds mentioned. Privinc (naphtha- 
zoline) a proprietary preparation of a-naphthyl-S-methyliraidazoline, for 
example, has been introduced for local application to relieve swelling of 
the nasal mucosa. 
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F. ERGOT AND ITS ALKALOIDS 

Ergot is a parasitic fungus (Claviccps purpurea) which grows on the 
rye (Secalc ccrcok) and occasionally on other 1 intis of grain; more 
rarely on othcr.plants. It is of some importance in therapeutics and nl-o 
in toxicofogyyn.8 the use of bread and meaf containing it lias frequently 
given rise to widespread epidemics. 

Chemistry,— Ergot contains a remarkable group of interesting com- 
pounds some of which arc only found in preparations of this fungus. 
The compounds of ergot include carbohydrates (ntaitnifc, trehalose, 
cjaviccpsin and manna), steroids (ergostcrol), pigments (ergoehrysin, 
ergoflavin), amino-adds (leucin, tyrosin, valin, histidin), putrefactive 
amine bases (putrcscin, ends win, tyTamine, histamine, choline, ergo- 
t/iioninc, etc.), pyrimidine and purine bases (nraciV, guano^m*, nucleic 
acids, etc ) and the group of specific alkaloids now to be considered. 

Crude preparations of ergot have been used for centuries by midwivrs 
ns oxyfocies. In IhTo Tariret first isolated a crystalline alkaloid which 
he called crpotinine. This constituent is inactive pliarmarologirally, 
being formed from its optical isomer, ergotoxin, which was fir-t hob ted 
by Harper and Carr in 1900. In 1990 Stoll hobted two more optical 
isomers, ergotaminc and ergotaminine, the latte r of which was inactive. 

In spite of the isolation of these various alkaloids which were the 
product of many years of arduous rei-e.ircb, the chemistry of < rgnt was 
.still only partially solved, and it was still generally recognized that the<e 
alkaloids did not entirely replace the crude preparations. This wn« 
emphasized by the late onset of the effects on the uterus when the alka- 
loids were given as com parts! with the galenical preparations. When 
ergo tori no or ergotaminc iww ndmiahtensJ, no contraction of the uterus 
appeared for almost an hour while with the crude preparations strung 
contractions would often be induced in from six to ten minutes, 'ibis 
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difference between the two groups of preparations was forcefully empha- 
sized by Moir, who, employing a method which registered the contrac- 
tions of the human uterus, was able to show that preparations made by 
watery extraction of the crude drug and therefore devoid of the com- 
monly known alkaloids, were still active. In fact, powerful contractions 
of the uterus appeared within a few minutes after the drug had been 
given by mouth. It appeared, therefore, that there must be some 
active principle in ergot other than those which had been discovered 
and which was responsible for this early uterine response. 

In 1935, Thompson, Stoll and Burckhardt, Dudley and Moir and 
Kharasch and Lagault isolated a third active principle which they 
designated as crgostetrinc, ergometrine, ergobasine and ergotocine, re- 
spectively, but which is now known officially as ergonovine in the U. S. A. 
and as ergometrine in Britain. It too is convertible to an inactive 
optical isomer, ergometrinine. Two other pairs of alkaloids were 
subsequently isolated so that at present five pairs of alkaloids are known, 
. one of which is Icvorotatory and pharmacologically active while the 
other member of the pair is dextrorotatory and relatively inactive. 
These isomeric pairs of alkaloids are the following: 


Active Inactive 


Formula 


Ergotoxine 

Ergotamine 

Ergosine 

Ergocristine 

Ergonovine 


Ergotininc 

Ergotaminine 

Ergosininc 

Ergocristinine 

Ergometrinine 


CttHoOiNj 

CjjHiiOjN, 

CjoHjjOjN, 

C„H„0,N, 

CiJIjjOjN, 


The members of each pair are interconvertible. The Ergotoxine and 
Ergocristine pairs arc isomeric with each other as noted by their identical 
formula:. Ergonovine and its isomer consist of a much smaller molecule 
than the other members of the series which is also reflected in the greater 
solubility of this pair in water, their relative insolubility in chloroform 
and their more basic character. 



N 

H 

Lysergic acid 
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The members of each pair tend to crystallize together in equimolecular 
mixtures which for a time were mistaken for new compounds. Thus 
the combination of ergosme and ergosinine was designated as crgoclavine; 
ergotamine and ergotaminine were known as sensibamine, Pseudo- 
ergoiinine is probably a mixture of ergotinine and ergotoxine. 

AH of the alkaioids listed above on hydrolysis give lysergic acid 
(C M H«0 2 Ni) or its amide, ergine, so that this seems to be a common 
constituent although it is absent from Ergomonamine, CuHtsOiN, 
an alkaloid, not included in the above list, which has also been isolated 
from Ergot. It is assumed that isomerism in the lysergic part of the 
molecule accounts for differences in members of the same pair, while 
differences in the rest of the molecule account for the different pairs. 
Thus ergonovine consists of lysergic acid in which the OH group is 


replaced by — NH — CH while in ergotoxine the OH group is 
CHjOH 

substituted by 



Ergonovine and ergometrine are thus the hydroxyisopropylaraide of 
lysergic acid and of isofysergic acid, respectively. Ergotoxine and 
ergotinine consist of lysergic and isolysergic acids, respectively in com- 
bination with proline, phenylalanine and hydroxyvaline. Ergotamine 
and ergotaminine contain hydroxyalanine in place of hydroxyv, aline. 

Toxicology.— Ergot has rarely given rise to serious Acute Poisoning in 
man, but in some cases in which it was taken to procure abortion the 
symptoms consisted in collapse, with a weak, rapid pulse, tingling, 
itching and coldness of the skin, unquenchable thirst, vomiting and diar- 
rhea, confusion or unconsciousness, hemorrhage from tkc uterus abor- 
tion and often icterus Ecchymoscs were J ! ' * bcutaneous 
tissues and in many inter ** '* ‘ngle small 

dose, c*'" — ' ■ ’ twc-nails. 

GK ■ - generally no effect except in 

pregtt’ . }t often induces contraction of the uterus 

and evacuation of its contents. In some cases of fatal poisoning no 
abortion occurred. 

Chronic Poisoning was formerly not uncommon, and in fact frequently 
gave rfce to widespread epidemics, from the use of bread containing 
ergot after poor harvests and especially in wet seasons. Of late years 
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these epidemics have become rare, but some of the “plagues” of medieval 
Europe may have been due to ergot poisoning. 

The symptoms of ergotism are sharply divided into two groups; 
those of gangrene and those of nervous disorders. In some epidemics 
both the gangrenous and the convulsive Forms are present, but, as a 
general rule, the epidemics in Western Europe were almost exclusively 
gangrenous in type, while in Eastern Europe the convulsive form almost 
invariably prevailed. The gangrene is generally developed in the limbs, 
especially in the fingers and toes; sometimes the whole arm or leg 
becomes cold and anesthetic, dark in color, and then dry, hard and 
shrunken, and falls off with little or no pain and no hemorrhage. Symp- 
toms of such severity are rare, however, and in milder cases only the 
skin necroses. Gangrene of internal organs also occurs, resulting in 
cataract in the lens of the eye, or ulcers in the bowel and stomach, and 
sometimes affecting a whole organ such as a lung or the uterus. Abortion 
is seldom mentioned in the accounts of chronic ergot poisoning, and 
pregnancy seems in many cases to have run its ordinary course. 



n 


Fia. 44. — Figures illustrating the effects of ergotoxine on the blood-pressure (Dale). 
In A the injection induces a me of blood-pressure (B.P.) with constriction of the vessels 
of the leg. In B a large dose of ergotoxine had been injected previously, and epinephrine 
injected at the point indicated now causes a fall of blood-pressure with dilatation of tne 
intestinal vessels, illustrating the phenomenon known as vasomotor reversal. 

In spasmodic ergotism the first symptoms are depression, weak- 
ness and drowsiness, often with headache and giddiness, painful cramps 
in the limbs and itching and formication of the skin. In severe cases 
paroxysmal convulsions set in, generally clonic, and often epileptiform, 
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but leaving as sequels contractures in the limbs, or less often in the 
trank muscles. Some intellectual weakness often follows recovery from 
ergot poisoning, this not infrequently amounting to complete dementia, 
but the disease was immediately fatal in a large proportion of cases in 
earlier times. The characters and distribution of these two forms of 
ergot poisoning have given rise to much discussion. The gangrenous 
form appears to be the more characteristic, and it has been suggested 
that the spasmodic form may have arisen in cases where ergot poisoning 
was complicated by starvation and possibly by epidemic nervous dhca*e 
such as poliomyelitis or meningitis. 

in mammals treated with ergot, restlessness, salivation, sometimes 
vomiting and purging have been observed. Depression and weakness, 
ataxia and dome convulsions follow on larger doses, which prove 
fatal by paralyzing the respiratory center. Gangrene is common in 
the pig, in which the ears, the extremities, and patches of the skin of 
the trunk become dry and bard, and finally fall off. Extravasations 
of blood into the stomach and bowel and other organs have frequently 
followed the exhibition of ergot in mammals. In pregnant animals 
abortion is often induced, but not invariably, even when very large 
doses are given. 

In fowls a characteristic train of symptoms is induced, and these 
animals have frequently been used as tests for the activity of ergot 
preparations. The cock becomes drowsy and dyspncic, and the comb 
and wattles become dusky purple in color. Vomiting or purging may ’ 
follow and a curious ataxia is observed, the animal swaying to and fro 
and evidently maintaining its balance with difficulty. After large or 
repeated doses the comb becomes dry and hard and falls off, and a 
similar gang rc me may attack the legs, tongue, or wings. The animal 
refuses food and becomes weak and somnolent, but may rcco\er if the 
treatment he stopped. The gangrene of ergot poisoning arises from 
the prolonged constriction of the vessels by the ergotoxinc and ergota- 
mine. Chronic ergot poisoning in the rat gives rise to neurofibromas on 
the cars. 

Action. —Ergotoxine, ergotamine, ergosinc and ergocrbtinc resemble 
one another closely in their pharmacological action and hence may be 
considered together. Ergonovine differs from these and will receive 
special attention The study of the action of crgotnroinc and ergotoxine 
in the living organism has shown that these alkaloids resemble epineph- 
rine in some of their effects, and like it act on the myoneural junctions 
of the true sympathetic nerves. But while epihephrine stimulates these 
junctions indiscriminately whether they arc motor or inhibitory in 
character, the ergot alkaloids act on the inhibitory junctions only to a 
slight degree but stimulate the motor myoneural junctions in small 
doses and paralyze them in large amounts. They arc less powerful than 
epinephrine, but the effects last longer and can be elicited by hypodermic 
injection or by administration by the month. The physiological action 
of ergotoxinc and of ergotamine is much the same both qualitatively and 
quantitatively, the main point of difference being in the action on the 
medullary centers. Ergotoxine shows slightly greater activity than 
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ergotamine in inhibiting the action of epinephrine and hence it is used 
in pharmacological studies where it is desired to dissociate the excitatory 
from the inhibitory, action of epinephrine. Ergosine appears to be even 
more potent than ergotoxine in this respect but is less readily available. 
Ergotamine is only about two-thirds as toxic to mice as ergotoxine. 

Circulation.— Ergotoxine and ergotamine injected intravenously cause 
an abrupt rise in blood-pressure which is obviously due to action on the 
peripheral vessels, for it occurs after section of the splanchnic nerves, 
and is accompanied by constriction of the vessels of the abdominal 
cavity and the limbs, as may be shown by oncometer and plethysmo- 
grapluc records (Fig. 44, A). The heart is often accelerated at first and 
then slowed, partly from the vagus center being stimulated by the high 
blood-pressure and partly by a direct action on the heart muscle. Some- 
times the slowing of the heart may be so marked as to lower the blood- 
pressure and thus to conceal the effects of the vasoconstriction on the 
tracing. 

The rise in pressure is to be ascribed to stimulation of the constric- 
tor nerve terminations in the vessel walls and is strictly analogous to 
that observed under epinephrine. The extent to which it is developed 
varies in different animals, being well marked in the cat, dog and fowl 
and observed only with difficulty in the rabbit and monkey. 

Ergot preparations injected intravenously sometimes fail to increase 
the blood-pressure if the}' contain little of the specific alkaloids and large 
proportions of histamine, which dilates the capillaries (page 522). As 
a general rule an intravenous injection of a crude ergot preparation, as 
distinguished from the alkaloids, is followed by some fall in pressure, 
and then by a slower rise above the normal. 

The ergot alkaloids have little effect in constricting the vessels when 
applied locally, therefore, absorption is not so much retarded as by 
epinephrine and ergot action may thus be elicited by oral administration. 

The heart is not acted upon so strongly as the vessels b} r ergotoxine 
but the contractions are strengthened while the rhythm is slower in 
some degree; it is uncertain how far this arises from direct action of the 
cardiac muscle and how far the accelerator terminations are involved. 
Crude ergot preparations generally slow and strengthen the heart when 
injected intravenously; sometimes a muscarine action is induced by the 
presence of acetylcholine. The terminations of the inhibitory nerves 
of the heart are not paralyzed or weakened in any way by ergot and 
indeed according to Rothlin the activity of the vagus is augmented by 
ergotamine while in the case of the depressor nerve the reverse is true. 

Ergotamine causes a moderate increase in the pressure of the cerebro- 
spinal fluid following the intravenous injection of small doses. An 
increased flow’ of blood through the brain is also found, this increase 
being in all probability secondary to the increase in general systemic 
blood-pressure. 

Stomach and Intestine. — Ergotoxine and ergotamine in small doses 
have little effect on the movements of these organs, since the sympa- 
thetic nerves are inhibitory and therefore escape its influence; under 
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ergot, vomiting and diarrhea often occur in animal*; in man the action 
on the digestive organs is seldom noticeable. 

The Pupil undergoes a powerful constriction when ergot is injected 
intravenously, sometimes after a momentary dilatation. This con- 
striction is not affected by atropine and arises from the direct action 
of ergotoxine on the muscle fiber; in the rabbit, however, the pupil is 
dilated, perhaps owing to the excitement and increased movement. 



Fio. 45.—TraeirtR of tho movements of tho uterus under ergot injected intravenously at 
the point E. Contraction j« indicated by an upward movement of the lever 

The Hespiratioa is often greatly accelerated in poisoning in animals 
apparently from stimulation of the center, though this may be aided by 
the increased mo\ ement and high temperature. 

Hie Temperature rises greatly in the cat and rabbit under ergotoxine 
while in the rat and mouse it often falls. In general, small do*<« rnn<e a 
fall while larger doses induce a rise in temperature This effect is prob- 
ably a result of the action of the drug on the temperature regulating 
center It is absent after removal of the brain, presumably owing to 
the destruction of the heat-regulating center, Ergotamine Is only half 
as effective as ergotoxine in its capacity to alter the liody temperature. 

In some animals the hair rises owing to the stimulation of the sympa- 
thetic terminations in the pilomotor mu'-cles 

'Hie most important effect of ergot, however, i-» exerted on the therm, 
in which it causes a powerful contraction which lasts for a short time 
anil is followed by a slow relaxation interrupted by nutm rolls new 
contractions, a lasting effect on the irritability living induced (Fig. *J5). 
The innervation of the uterus, both motor and inhibitory, is derived from 
the sympathetic, hut ergotoxine. stimulating only the motor filler*, 
njw ays causes contraction, the inhibitory ones remaining unaffected by it. 

The uterus thus reacts to ergot in a way precisely analogous to the 
arterioles, and it is noteworthy that from therapeutic do«cs it is from 
33 
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the uterus alone that any obvious symptoms are elicited. The alimen- 
tary tract is but little affected, and the rise of blood-pressure is not 
easily observable in the circumstances in which ergot is usually exhib- 
ited. The contraction of the uterus in pregnant animals causes the 
descent of the fetus toward the os, and in suitable doses ergot induces 
abortion. If the dose injected is small, the rhythmic contractions 
are accelerated and strengthened, or if the uterus is at rest, ergot may 
arouse it to rhythmic contraction. As the dose is increased, the con- 
tractions become more powerful and last a longer time, until with a 
large injection the uterus may contract very powerfully and remain 
in this position for many minutes. 

Thesccondary paralyzing action of ergotoxine and ergotamine on the myo- 


large doses a further action upon the inhibiting nerves is also seen as described 
below. Thus, after a moderate dose of these alkaloids, epinephrine may lower 
the blood-pressure (Fig. 44, B), where previously it increased it by stimulating 
11 *• ■ ’ *’ ese arc now unable to react due to the paralyzing 

• ■ >ut the dilator nerve ends are more resistant, and 

dilates the vessels. ' Epinephrine also acted on 
me uiiaiois uefoie me ergoioxine injection, but the effect of this stimulation 




pani, being cranial nerves, remain normal. Both motor and inhibitory nerves 
of the uterus are sympathetic, and ergotoxine in certain amounts paralyzes the 
motor while leaving the inhibitory intact, and stimulation of the hypogastric 
nerve or epinephrine now causes inhibition and relaxation. The accelerator 
nerves to the heart are sympathetic, but it is difficult or impossible to throw 
them out of action completely with ergotoxine. 

In contradistinction to the view of the action of the ergot alkaloids being 
exclusively confined to the motor sympathetic endings as described above, 
Rothlin sh *' * ' ■ * . ■ 

fibers but £ 
only the m 
nephrine. ^ 

excised tiss 1 > - . , . - - , , , t 1L . 


drug. In the intact animal the same reaction was also shown 

the case of the in 

amine are sufficK 1 
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inp; to Rothlm, therefore, ergotarotne and epinephrine occupy the same relation- 
ship Lq respect to the sympathetic nerves that atropine and pilocarpine do for 
the parasy ra pa thetics . 
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FlO. 40. — The effect of ergonovioe upon the human uterus. Tncmcs obtained from 3 
patients each on the seventh postpartum day. In each ease a rubber balloon wiw placed 
within the utennfe cavity and connected with a bellows recorder To each patient 0.2 me 
of ergonovmo tartrate was administered. To patient yielding the top curio it was meet* 
by mouth, to patient giving the middle curve, by subcutaneous injection, and tho lowest 
curve, by intravenous injection The lime intervals are fits minutes. In the list S eases 
the effects lasted more than two hours, while in certain other patients the increased eon- 
tractions were plainly observable for a much longer time. (Cirditer and Jlraitbwj > 


In this connection mention may be made of Foumeau 933 (2-pipcri- 
dlnomcthyl-I, 4-benwxlioxim) r Inch in contrast to the sympathrcolytic 
action manifested by ergotoxine and ergot a mine is adrenolytic in notion. 
That K it blocks the response of the effector organs to epinephrine but 
not to adrenergic nerve impulses. After the injection of the ergot 
alkaloids, the effector cells respond neither to adrenergic nerve impulses 
hot to epinephrine and hence these drugs are designates! as sympMhJco- 
lytic. 

Some Tolerance is acquired for ergotoxine when it is injected repeatedly 
into animals. 

Ergonovme resembles tho other members of the group in certain 
of its actions. It shows n definite sympathomimetic effect with little 
or no inhibition of epinephrine action. In general it is only approxi- 
mately one-fourth ns toxic as crgotaniine for mice and rabbits and 
one-tenth as toxic for cocks, but nearly equally toxic for cats. The toxic 
symptoms resulting from its use resemble closely those produced by the 
older alkaloids and arc apparently due to the lysergic component of the 
molecule judging from the toxicitv of ergine, the amide of lysergic acid. 
The symptoms from crgonovinc are mainly those due to central nervous 
stimulation, weakness, tremors, excitement, convuKion-, tog< ther with 
signs of sympathetic stimulation such as mydriasis, exophthalmos, 
erection of the hair and tachycardia. The symptoms resulting from 
sympathetic stimulation seem to l>c due almost exclusively to central 
action. Its most important action is upon the ut<rn* wht re its effects 
arc prompt and vigorous whether it is administers d by mmith or intra- 
venously. The outstanding features of the action of crgonovinc on 
uteri arc shown in the puerperal period where its prompt action and 
effectiveness in small doses distinguish »t from the other nlhjrinhK lids 
action on the uterus is not only seen in animal?, but al-o occurs in the 
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human subject, where after oral or subcutaneous administration strong 
contractions of the uterus appear within a few minutes. 

The uterine action of ergonovine is the only appreciable effect which 
follows the use of moderate doses; the unpleasant side actions being only 
rarely encountered clinically. The promptness of its action and effective- 
ness when administered orally has made it a highly desirable ecbolic for 
clinical use. It increases the tone, rate and amplitude of rhythmic 
uterine contractions. 

On the isolated quiescent strips of human uteri and fallopian tubes 
ergonovine has little effect, but it induces vigorous contractions in 
similar strips of the postpartum uteri of guinea pigs. 

Ergonovine raises the blood-pressure in rabbits and spinal cats but 
usually lowers it in anesthetized cats and dogs. It has little effect upon 
the heart. It quickens the respiration but lessens the respiratory volume. 

- The temperature is lowered in rats and mice, but it causes hypothermia 
'in rabbits whereas in these animals ergotamine in small doses leads to 
hypothermia and in large doses to hyperthermia. Ergonovine exhibits 
some signs of a peripheral action upon the sympathetic system, such as 
mydriasis, relaxation of the isolated intestine of the rabbit and some 
increase in the blood sugar of rabbits and dogs, but the symptoms seen 
in the intact animal ascribable to a sympathetic action are mainly 
central in origin. 

The principal difference in action between the ergonovine and the 
other alkaloids is that it exerts no paralyzing effect upon the sympathetic 
nerves so that while the sympathetic arc stimulated, causing the 
increase in blood-pressure, they are not paralyzed so that the vasomotor 
reversal phenomenon is not seen. Nor are the other effects of sympa- 
thetic nerve stimulation inhibited by it as they arc by the other alka- 
loids. A striking point of difference between ergonovine and the other 
alkaloids is that while the former will produce cyanosis of the ebek’s 
comb, it shows less tendency to produce gangrene than ergotoxine or 
ergotamine. It will be seen, therefore, that the greatest clinical value 
of^ergonovine is in the field of obstetrics and that it is without value in 
those conditions in which an action upon the sympathetic nerves might 
be required. Ergonovine may, however*- induce a slight rise in blond- 
pressure when used in therapeutic doses. 

Assay.— Ergot and its preparations may be assayed by a variety of 
methods. The indole group^ of the lysergic acid component of the 
molecule forms a blue color with para-dimethylarainobcnzaldehyde but 
this method fails to distinguish ergonovine from the other members of 
the group. The Broom-Clark method is based on the inhibition of the 
action of epinephrine on the isolated rabbit’s uterus, but ergonovine 
does not induce this action. The official phannacopeial method utilizes 
the cock’s comb which measures the total active alkaloids. 

Therapeutic Uses.— Ergot is used very extensively in obstetrics to 
promote the contraction of the uterus, but considerable divergence is 
met with in the views of different authorities as to the special indications 
for its exhibition. 

The principal use of ergot is to prevent postpartum hemorrhage for 
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w Wch purpose a full dose is given as soon as the second stage of labor 
terminates. However, It should not be given until the placenta has been 
delivered since its use during labor may cause rupture of the uterus or 
asphyxia of the child. Ergot is also used to prevent ‘'after-pains” 
and to inhibit bleeding in menorrhagia and metrorrhagia. It is admin- 
istered orally in the form of the fluid extract in doses of 2 cc. A liquid 
extract (ergot aseptic) intended for injection is also available. It is 
administered in doses of 1 to 2 cc. intramuscularly. 

When ergot or its alkaloids are used, care must be taken that these 
drugs are not given for more than a brief period as several cases of 
gangrene of the extremities have been reported due to neglect of this 
precaution 

Ergot hinders postpartum hemorrhage, chiefly by promoting the 
contraction of the uterus. In other forms of hemorrhage— from the 
stomach, intestines, kidneys, lung or uterus— in which the bleeding 
point cannot be reached, it is often advocated m the belief that it con- 
tracts the walls of the vessels and thus arrests the flow of blood, but it 
may be questioned whether ergot exerts any influence whatsoever in 
these cases. The essential treatment is rest with or without morphine or 
opium. 

The effect of ergot in inducing contraction of the uterus lias been 
used in the treatment of subinvolution and the process certainly seems 
to be favored by it. The prolonged treatment of this, or of any other 
condition, with ergot is to be deprecated, for if the drug is active at all, 
it may induce gangrene. This is especially true when the alkaloids are 
employed. 

Ergotamine tartrate (Gynergen) is widely used as a treatment for 
migraine and severe headaches of a periodic type. Its administration 
has been followed by relief in a large proportion of cases, although in 0 
certain number no improvement follows. Relief usually follows ten 
minutes or more after its subcutaneous administration. 

The pain of migraine attacks is believed to be produced by distention 
of the cranial arteries and the termination of these attacks by ergotamine 
is therefore attributed to its action tn constricting these arteries and thus 
reducing the amplitude of the pulsations (Graham and Wolff). Factors 
which decrease the pulsation .amplitude decrease the headache and 
nee ten a. Ergotamine reduces the pulsation by about 50 per cent, at 
the same time reducing the headache, and observations and photographs 
made before and during the action of ergotamine show vasoconstriction 
of the temporal and meningeal arteries. 

In migraine, ergotamine tartrate is injected in clones of 0.25 mg. sub- 
cutaneously, followed m two or three hours by a full dose of 0.5 mg. if no 
untoward effects have occurred and if the first injection has not been 
effective. Two or three tablets (each containing 1 mg.) may be given 
orally to be repeated hourly for two or three hours but tills method of 
administration is less effective than the parenteral route. 

Caution should be exercised in the use of ergotamine. Cases of 
gangrene have followed its continued use over a period of some days and 
death in eases of overdosage. Preexisting sepsis or obliterative vascular 
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disease, especially of the coronary vessels, is a contraindication to the 
use of the alkaloid. It should also be used with caution in the presence 
of arteriosclerosis. Even small doses may induce distressing and serious 
effects in susceptible individuals. 

Ergotamine tartrate is also used in place of ergot for inducing uterine 
contractions and to stop uterine hemorrhage. For this purpose it is 
administered in doses of 0.25 mg. intramuscularly or 1 mg. orally two 
to four times daily. 

Ergonovine in the form of its maleate (Ergotrate) and hydracrylate 
(Ergotratc II) is now used widely for its oxytocic effects in place of 
posterior pituitary liquid and other ergot preparations. It may be 
given intravenously in a dose of 0.2 mg., for immediate effects but is 
also promptly effective when given by intramuscular injection or orally. 
Its lower toxicity, rapid onset of action and sustained action have 
recommended it over other ccbolics. In delayed involution of the 
uterus during the puerperium the oral administration of 0.2 to 0.4 mg. 
three times daily has been recommended. 

Preparations 


U. S. P. 

Ergota, the dried sclcrotium of Claviccps purpurea, the potency of which is 
such that 1 gram is equivalent to not less than 0.5 mg. of the U. S. P. Ergotoxine 
Ethanesulfonatc Reference Standard. The cock’s comb method is used for the 
bio-assay. 

Fluidextractum Ergot.e. Dose, 2 cc. 

Ergonovin.<e Maleas, Ci»IImNi0j.C,H, 0,, the maleate of ergonovine, an 
alkaloid obtained from ergot. Dose, 0.5 mg. 

Tahelue Ergonovina: Maleatis, tablets of ergonovine maleate. Dose, 
0.5 mg. 

Injectio EuaoNoviN.fi Maleatis, a sterile solution of ergonovine maleate 
for injection. Dose, 0.2 mg. intramuscularly or intravenously. ' • 

EitGOTAMiNfi Tartras (CijHj S N»0*) t .H,C the tartrate of ergotamine, 
an alkaloid obtained from ergot. Dose, 0.5 mg. 

TABELLfi EnaoTAMlNfi Tartratis, tablets of ergotamine tartrate. Dose, 


Ergota. 

Ergota Pr/Eparata, Prepared ergot. Dose, 0.15 to 0.5 gram. 

"■ .■ ■ T . ' •• Y * **’•.* L - r -*■ Dose, O.G to 1.2 mil. 

; to 0.001 gram; by 

int ■ ‘ . travenous injection, 

0.000125 to 0.00025 gram. 

EnaOTOXiNfi /Ethanosulphonas, Ergotoxine Ethanesulphonate, the ethane- 
sulphonate of ergotoxine. Dose, 0.0005 to 0.001 gram. 
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G. THE HISTAMINE GROUP AND ANAPHYLAXIS 

Histamine is an amine derived from the amino-acid Iiistidin by 
the removal of the carboxyl group, and structurally is £-imitmolyl- 
ethylamine. 

CH «= N COOH CIT N 

J \C— GHr— CH<^ * | \C-CH,— CHr-NRi + CO, 

NH-Cll Nil, NH— CJI 

Hislidm Histamine 

Histamine may be found wherever protein is broken down into its 
component amino-acids in the presence of putrefactive organisms; thu3 
it occurs m some quantity in the intestinal contents and in the putre- 
faction of meats and has been isolated from preparations of U 

occurs in nJJ the tissues but is present 1 _ * i 

lungs. The leuk' VM '*“' ’ 

Allergy and A . . r ' - »*» me 

body and the fa * . ^uiiuary shock from severe 

injury resemble muueed in animals by histamine so closely, sug- 
gested that they are due to the liberation of histamine or similar poisons 
in the injured tissues. Another form of poisoning which resembles that 
of histamine very closely was first described by Hi diet and called by 
him Anaphylaxis. If an animal receives an injection of r* , "“ * ■ less 
foreign protein, it presents no ‘ ‘ • me 

protein is J 

severe or f ^ , * ' 

specific for -» *"v» example, * * * ' . 

consists of horse serum, then the sect ■ i 1 ..«« m>pe 

scrum, that of any other animal cau„.. b utuc or no reaction. The 
sensitiveness to a second injection remains for many months, in man 
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perhaps throughout life, and this has become of great importance of 
late years, since an injection of one of the antitoxic sera in childhood 
may suffice to induce reactions in adult life if a second treatment is 
necessary with serum from the same species of animal. When an' 
animal recovers from even slight anaphylactic shock, no reaction occurs 
from a further injection; the animal is said to be desensitized. 

Many untisual reactions presented by individuals to certain foods or 
to exposure to dusts and pollens which are harmless to most people, 

' are now believed to be due to their having been previously exposed to 
these and having become sensitized to them. Anaphylaxis is induced 
only by proteins or by compounds which react with proteins to form a 
protein complex. 

Several explanations of anaphylactic shock have been given; according 
to one of these, the first or sensitizing injection leads to the development 
of a ferment-like substance which modifies the protein injected (antigen); 
on the second injection this ferment decomposes it rapidly into a poison- 
ous “anaphylotoxin” which produces the symptoms, just as such a drug 
% as histamine does. On the other hand, Dnle holds that the sensitizing 
injection leads to the formation of a new antagonistic body, precipitin, 
which penetrates into the cells of unstriated muscle and other tissues; 
when the second injection is made, the antigen penetrating into the cells 
reacts with the precipitin, causing cellular injury and freeing histamine 
and other substances, the action of these other substances being respon- 
sible for those symptoms which occur in anaphylactic shock and are not 
produced by histamine. This view is in harmony with many other facts 
known about the behavior of antigens and lias hecn supported by experi- 
ments in which the involuntary muscle reacted to the second injection 
after all trace of protein had been washed out of the vessels, and in which 
any anaphylotoxin in the blood must have been removed also. Jn ana- 
phylaxis the cells are peculiarly sensitive to the presence of the antigen; 
it is true that this sensitiveness arises from the formation of a precipitin 
in the blood and tissues as a result of the first injection, hut this is not 
toxic in itself, but only reacts with the antigen. This precipitin may be 
transferred by transfusion to a second animal, which then becomes sen- 
sitive to the antigen, though it has never come in contact with it directly’. 
After the shock has been recovered from, no second attack is caused by 
a second injection of antigen, since all the precipitin has been combined 
already. 

The similarity of the symptoms induced by all of these has suggested 
that they arise from a single substance, and histamine has been looked 
for repeatedly in anaphylaxis. In anaphylactic shock in guinea-pigs 
and dogs there is a very considerable increase in histamine in the blood. 
In the dog the amount is even eighty times the normal value, the peak 
of the concentration being in the first ten minutes. The fall in blood- 
pressure under these conditions is greatest during this rime and it 
remains low until the disappearance of the excess histamine from the 
blood. In anaphylactic shock in the calf and in the horse the histamine 
content of the blood is reduced in contrast to the finding in guinea-pigs 
and dogs. These contradictory findings do not necessarily indicate 
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pressure' from dilation of the capillaries. The rise in pressure is due to 
direct action on the muscle; which is not prevented by crgotoxinc, the 
subsequent fall, to a loss of tone in the capillary walls, which become dis- 
tended with blood; the animal is bled into its own capillaries and this 
leads to the symptoms of collapse from insufficient blood returning to 
the heart nnd the arterial side of the circulation. The pulmonary vessels 
remain constricted however, and this is another factor in disturbing the 
circulation. In the cat, the capillary action is diffused fairly evenly 
throughout the systemic circulation; in the dog, it is more marked in the 
liver than elsewhere, as is shown by the swollen and tense condition of 
that organ. 

In man, the slow intravenous infusion of histamine at the rate of 
0.02 to 0.04 mg. per minute induces no change in the systolic blood- 
pressure, an increase in cardiac output compensating for the vaso- 
dilation. 

In the herbivora, the action on the capillaries is absent, so that hista- 
mine increases the blood-pressure through constriction of the arterioles; 
later it becomes irregular through the asphyxia. 



Fia. 47. — The action of histamine on tho biood-pressuro (Bj*.) and on the volumo of 
the intestine and kidney in the cat. The injection causes a marked fail in the biood- 
pressuro which is due to dilatation of tho intestinal capillaries. The kidney vessels are 
constricted. (Dale.) 

The capillary action is not developed, when histamine is added to the 
fluid perfused through surviving organs of the cat in the ordinary way, 
apparently because some receptor in the capillaries has become unrespon- 
sive through the failure of the oxygen and epinephrine supply; in these 
experiments, histamine lessens the flow tlirough the vessels by constrict- 
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Many Glands secrete under histamine— the salivary,' gastric, pan- 
creatic and lacrimal; this action is prevented or greatly diminished in 
the salivary glands, and presumably in the others, by atropine, but not 
by section of the parasympathetics, so that the secretion is probably 
.caused by stimulation of the ganglia or the terminations of the post- 
ganglionic fibers. In the case of the gastric secretion, the increase is 
mainly one of water, hydrochloric acid, and other inorganic constituents, 
without affecting the secretion of the enzymes. 

Histamine has been isolated from acid extracts of the pyloric mucosa 
and is, the secretory excitant present in such extracts. A histanjine- 
Iike substance has also been found in the gastric juice of normal persons 
but the amount present is small. 

Histamine apparently is destroyed in certain tissues by an inactivating 
substance which has been designated histaminase. This enzyme has 
been found in many tissues and organs, the largest amount being in the 
intestines and kidneys while none was found in the stomach, heart or 
skin. Attempts have been made to use preparations containing histam- 
inase in the treatment of allergic conditions. However, inasmuch as 
this enzyme is destroyed in the gut it is difficult to see how it could pos- 
sibly help to reduce the histamine content in the tissues where the latter 
exerts its undesirable effects. 

Histamine which is liberated in the body by cell destruction or by 
nerve stimulation, or which is injected intravenously, is taken up by the 
tissues and then slowly passed into the blood. The heart-lung prepara- 
tion of a dog can inactivate large amounts of histamine. The major 
part of blood histamine in the dog has been shown to be held in combi- 
nation in the white blood cells. In the rat, injected histamine disap- 
pears rapidly from the blood. In the various tissues, aside from the ■ 
kidney, histamine disappears rapidly during the first half hour after its 
injection. In the kidney during this time the amount remains almost 
unchanged, but in the second half hour and subsequently the amount 
drops very rapidly. 

The local action of histamine is seen when it is applied to a scratch 
on the skin or by subcutaneous injection, and consists in dilation of the 
capillaries, leading to redness, swelling, and the exudation of plasma into 
the skin; this is apparently due to local capillary dilation and suggests 
that the wheal caused by local injury may arise from the liberation of 
bodies with similar action. 

Lewis has described the local skin reaction as a “triple response;” a 
vasodilatation, a diffuse flare with a diameter of about 3 cm., and an 
area of local edema. The maximum response is attained in about five 
minutes and the effects have passed off in about an hour. When the 
nerves of the skin have degenerated the flare does not appear but the 
edema is present. These phenomena have been ascribed by Lewis as 
being due to the H-substance; the action of which is not unlikely to be 
due, at least in part, to histamine. 

The characteristic action of histamine is the powerful contraction of 
the unstriated muscle, which is developed in the uterus, and in the 
bronchi in some animals. A remarkable exception to this contractor 
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action has been observed in the rat’s uterus, which is inhibited by 
histamine. The muscle of the alimentary tract and arterioles responds 
less strongly and the iris and bladder are not affected directly. In the 
carnivora there is extreme dilution of the capillaries, except those of 
the lungs, apparently from direct action on the walls. The peripheral 
nervous mechanism of the glands is stimulated to some extent, and there 
is some narcotic action on the brain. 

Therapeutic Uses.— Histamine is employed in clinical medicine as a 
gastric secretory stimulant, especially as a diagnostic agent to dis- 
tinguish between true and false achylia. The change in secretory 
activity -which it produces is, as pointed out earlier, entirely confined to 
an increase in the acid component of the gastric juice. Histamine is a 
very efficient agent to employ in such tests but care must be taken not 
to give doses which are too large. In certain cases this has been done 
and they have been followed by disagreeable symptoms such as a severe 
occipital headache and an anginal pain in the chest. The face becomes 
cyanosed, and the vision blurred, and the blood-pressure drops very 
rapidly. The usual dose to employ is from 0.3 to 0.5 mg., by sub- 
cutaneous injection. 

Histamine has also been used for the determination of the velocity of 
the circulation. The time required for 0.1 mg. injected into the vein 
of the arm or leg to reach the superficial vessels of the face (where 
its arrival is heralded by flushing) is noted. 

The appearance of the typical wheal at the site of injection has 
been used to determine the level of circulatory competency and to 
detect neurological disturbances. 

Histamine has also been used in the treatment of the so-called “hista- 
mine” headache, and of allergic manifestations but the rationale for 
its use in these conditions and its value are questionable. The drug 
bas also been administered by iontophoresis (cf. page 33) in peripheral 
vascular disease, and in rheumatoid arthritis. 


Preparations 
U. S. P. 

Histamine Phosphas, histamine phosphate, C«H»Ni 2HiPOi, colorless crys- 
. .... . histamine phosphate 


in 

Pf 

to 0 001 gram. 


ate, the di-acfd phos- 
ibcutaneously, 0 0005 
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H. DRUGS OF INTERNAL SECRETION 

One of the great advances in therapeutics of recent years lias been the 
introduction of a number of effective agents derived from the glands of 
internal secretion. The hormones, as these active principles are desig- 
nated, arc extracted from the glands of animals, or prepared syntheti- 
cally. In some cases chemical substances have been prepared which 1 
resemble the natural product and arc used in the place of the naturally 
occurring derivatives. 

The hormones resemble in many respects the vitamins discussed in 
the next section. They are effective in relatively minute amounts, and 
probably take part in the basic enzyme systems necessary for the normal 
functioning of the organism. As in the case of the vitamins, a deficiency 
of the hormones leads to widespread dysfunction in many of the organs 
and tissues. 

The hormones vary in their chemical constitution. Some, like those 
derived froth the pituitary and pancreas, are protein in nature. The , 
adrenal and sex hormones are steroids in composition. As prepared 
from animal tissues, the extracts derived are not only frequently con- 
taminated by extraneous materials but consist at times of break-down 
products derived from the naturally occurring hormones. The latter 
manifest only in part the action of the original physiological principle 
occurring in the natural state. 

Except in the case of the thyroid, in which simple desiccation of the 
gland yields a therapeutically active product, the dry glandular materials 
are of no therapeutic value, although much used in times past. A 
series of complex chemical processes are necessary in order to concen- 
trate the minute amounts of hormone present in the gland, and to 
effect a sufficient degree of purification to avoid toxicity in the final 
product. The potency of the extract thus obtained must, in most, 
cases, be determined by biological assay, preferably by testing on ani- 
mals from which the appropriate endocrine organ has been removed, in 
order to test their potency as substitution therapy. In addition to the 
hormonal products themselves certain related compounds prepared 
synthetically, are found to be of therapeutic value and because of their 
ready availability* are often used instead of the naturally occurring 
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hormone. Desoxy corticosterone, dihydrotachysterol and diethylstH- 
bestro! belong to this group. In addition, a knowledge of the action of 
various hormones in the body has Jed to the adoption of supplementary 
procedures, for example, the administration of sodium chloride in adrenal 
cortical insufficiency or calcium salts in hypoparathyroidism, which are 
of great practical therapeutic importance. 

1 The method of administration of the hormones varies depending largely 
on their chemical nature. Some are proteins and hence being reduced to 
their constituent amino-acids in the gastro-intestinal tract, must be 
administered parenteraliy . Others although active orally, are for greater 
therapeutic effectiveness nevertheless injected. Derivatives of the 
hormones are frequently utilized which unlike the hormone itself are 
effective orally. In other cases $ ub-lingual administration is effective 
presumably because when absorbed from this route inactivation by the 
liver is less than when absorption occurs from the intestinal tract. 

The hormones normally are liberated into the circulation at a constant 
rate or at least in consistence with the demands of the organism. Inter- 
mittent administration thus fails to duplicate the condition occurring 
naturally in the body. To overcome this deficiency, slowly liberated 
compounds of certain hormones have been prepared and as in the ease 
of protamine insulin or testosterone propionate hav» -■ * r 

substitution therapy than isobtp ;noM ’’ ‘ 

The implantation of relatively I ' h^monc also 

permits not only’ a more efficien out also avoids the neces- 

sity of frequent administration of certain hormones. This procedure 
has been found useful in treating certain chronic conditions in which 
replacement therapy over a long period of time is desirable. 

The hormones like other medicaments attain their highest concen- 
tration at the point of application. Hence topical application is utilized 
when one desires a local effect, for example, the use of vaginal sup- 
positories containing estrogenic hormone to induce stimulation of the 
vaginal tissues. In this way, moreover, one avoids to.some effect the 
undesirable systemic effects of the hormone which arc induced when it 
is administered parenteraliy. 
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I. ANTERIOR LOBE OF THE PITUITARY BODY 

The pituitary’ body or hypophysis is a compound organ comprising 
in the mammal four distinct parts, (i) an anterior or glandular lobe; 
(2) a posterior or neural lobe attached by a stalk which connects it to 
the mid-hratn; (3) a pars tuberaiis present as a collar of tissue surround- 
ing the stalk; and (4) the pars intermedia which is vestigial in the 
mammal but assumes an important role in the lower vertebrates. Noth- 
ing is known concerning the function of the pars tuberaiis. The other 
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three components of the gland appear to function independently and 
will be considered separately. • 

The earliest ideas regarding the function of the anterior lobe came 
from the association of clinical disorders with pathological findings. 
Gigantism and acromegaly were correctly interpreted as being due to 
excessive secretion of the anterior lobe in the period of active growth 
and adult life, respectively. Deficiency was held to be responsible for 
adiposogenital dystrophy. Tim development of modern methods of 
surgical removal, however, has made possible the demonstration that 
the latter syndrome is due to injury of the hypothalamus although the 
lesion responsible for this disorder may ultimately also disturb the 
function of the anterior lobe of the pituitary. Removal of the anterior 
lobe results in almost complete cessation of growth in young animals, ' 
and loss of weight and general cachexia in the adult. 1 There is a failure 
of the reproductive and general endocrine activity with atrophy of the 
genital system, endocrine organs, epithelial structures and tissues 
generally. The basal metabolism falls, the body temperature is sub- 
normal and there is evidence of failure of the normal metabolic func- 
tions as a result of a deficiency in the utilization of protein, fat and carbo- 
hydrate. Interference with the last-named is particularly striking with 
a tendency to hypoglycemia which may be of sufficient degree to lead 
to a fatal outcome. The hypophysectomizcd animal is hypersensitive 
to external physical changes and to many drugs and easily falls prey 
to infections which prove rapidly fatal in the cachectic state of the 
organism. J 

The effects of a lack of the growth hormone arc especially noticeable 
in young animals which, under these conditions, are unable to increase 
their skeletal dimensions or to maintain proper bodily growth. Certain 
types of human dwarfism have been ascribed to a similar deficiency of 
this hormone. On the other hand, an overproduction of the hormone is 
associated with gigantism, in which there is symmetrical overgrowth . 
of the body, and with acromegaly, in which the overgrowth is not sym- 
metrical. In both of these conditions the pituitary has been found to 
be the site of an eosinophilic-cell tumor. 

When fresh glands are transplanted into hypophysectomized rats, 
there is a restoration of the normal rate of growth, sexual activity and 
normal histology of the genital system, thyroid, and adrenal cortex. 
These results cannot be produced by feeding the gland. 

Next to its relation to growth, the relation of the anterior lobe of the 
hypophysis to the reproductive system has attracted most interest. In 
young normal female rats, mice, or rabbits, transplantation of anterior 
lobe or injection of certain extracts results in the rapid attainment of 
premature sexual maturity, as shown both by the behavior and by the 
development of ovaries, uterus, vagina, and other parts of the repro- 
ductive system. The uterine and vaginal changes are, however, indirect, 
being secondary to the primary effect on the gonads, since they do not 
occur in castrated animals. A similar acceleration of maturity can 
be produced in young males. When the sexual apparatus of young 
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hypopliyseetomized animals is brou^t to maturity l,v sutrli nnhcv. 
ment therapy, the animals will mate and produce normal Jitters 

Clinically, hypophyseal insufficiency is a relativclv uncommon con- 
oceurr,n K in the young, failure to grow and infantilism 
result but this is one of the rarest causes of dwarfism. In the adult 
Hypophyseal insufficiency gives rise to Simmonds' disease or pituitary 
cachexia. It results from atrophy of the gland, destruction of the eland 
by tumors within or near the sella turcica or as a result occasionally of 
infection or infarction of the gland. Insufficiency of the anterior iobe 
of the pituitary is not the cause of obesity, ns was once believed, nor is 
it probably responsible for many other conditions for which it has 
been held responsible. 

From a pharmacological standpoint, we arc primarily interested in 
substitution therapy in conditions in which the normal secretion of 
the organ is deficient. This is readily attainable in the rodent, for when 
fresh glands arc transplanted in hypopliyseetomized rats there is a 
restoration of the normal rate of growth, sexual activity and normal 
histology of the genital system, tli)Toid, and adrenal cortex. Thc'e 
results cannot be produced by feeding the gland. 

When extracts of the anterior pituitary arc fractionated it is possible 
to separate a number of principles which exert some specific function 
of the intact gland. These separations have in recent y oars h-d to the 
isolation in apparent pure form of various principles, free of contamina- 
tion by one another. To estimate their degree of purity sc\ oral physico- 
chemical procedures are utilized— electrophoretic analysis, observations 
m the analytical ultracentrifuge, and the determination of solubility 
curves in suitable solvents. The first procedure in particular as n«cd 
in the moving boundary method of Tisclius has been applied widely 
in the study of pituitary extracts not only to determine the purity of n 
given extract but also of effect the separation of components in a mix- 
ture at least in sufficient amount for biological as«ay. 

The following fractions have been separated from extracts of the 
anterior lobe of the pituitary: 

A. Growth hormone, which maintains growth in the bypopbysec- 
tomized animal and stimulates continued growth in the adult. 

E. Gonadotrophic fractions. (1) Follicle stimulating hormone which 
stimulates the growth of the graafian follicles in the ovary and the 
spermatogcnic tissue of the testis. (2) Luteinizing hormone, which 
stimulates the interstitial cells of the ovaries and testes, causing the 
formation of corpora Iutea in the former and increased activity of the 
Lcydig cells in the latter. 

C. Thyrotrophic hormone, which stimulates the normal thyroid to 

overact ivity. 

D- Adrenotrophic hormone, which stimulates the adrenal cortex in 
the normal and prevents the regression in size of this organ following 
hypophysectomy. 

E. Lactogenic hormone which induces lactation in species in which 
normally there is a certain amount of alveolar devt lopment of the 
breasts. This principle nho stimulates growth and *ecrrtion in tit** crop- 



530 


SUBSTANCES ACTING AFTER ABSORPTION 


gJand of the pigeon, and has a gonadotropic function. It is the only 
one of the anterior pituitary principles which has been obtained in crys- 
talline form. 

In addition, there is good evidence to indicate the existence of at least 
two principles that influence carbohydrate metabolism: 

1. A pancreatrophic hormone which increases insulin secretion. 

2. A diabetogenic hormone which either suppresses carbohydrate 
oxidation or increases carbohydrate formation (Young). 

Other effects of pituitary extracts have suggested the existence of 
specific principles exerting effects on certain organs and metabolic 
functions in addition to those enumerated above. However, their 
existence has not been established definitely nor is their action in the 
organism clearly understood. 

The existence of the above described fractions in extracts of pituitary 
glands is generally accepted as evidence that the gland normally elab- 
orates these principles as separate hormones. However, this conclusion 
is not inevitable. It can be argued justifiably that the pituitary normally 
secretes a single hormone and that the separate effects seen in purified 
fractions represent probably only parts of the original hormone from 
which they are derived. A similar state of affairs exists in the case of 
the hormone of the posterior lobe described in the next section which 
recent evidence indicates also secretes a single hormone instead of two 
or more as previously believed. , 

Therapeutic Use.— Despite the vast amount of experimental work 
which has contributed to elucidate the physiology of the anterior lobe 
of the pituitary and the advances in our knowledge of the chemistry of 
extracts derived from the gland, the latter have found little application 
in medicine. The early enthusiasm for the use of growth hormone to 
stimulate growth lias not been justified by subsequent clinical observa- 
tion (Shelton). Equally discouraging results have followed the clinical 
trial of the gonadotrophic extracts to stimulate the ovaries or testes and 
to induce ovulation or spermatogenesis in cases where these functions 
are deficient. Nor have the other fractions of the pituitary been demon- 
strated to exert the desired reactions in the human as anticipated from 
their actions in the experimental animal. 

The practical application of extracts of the anterior pituitary is still 
in an experimental stage of development. Their successful application 
must await further study and perhaps the availability of more highly 
purified and concentrated extracts which simulate in their action that 
of the normal glandular secretion. 
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H. PITUITARY POSTERIOR LOBE 

The extract of the pituitary body was shown by Oliver and Schaefer, 
in 1S95, to exercise a pronounced effect upon nors-striated muscle a hen 
it was injected intravenously; the anterior lobe proved devoid of this 
action. This effect on the walls of the blood-vessels caused vasocon- 
striction and a marked rise in blood-pressure. Dale, in 1900, first demon- 
strated the oxytocic action of the extract which led to its clinical use in 
stimulating the pregnant uterus. The third striking effect of the extract 
was shown by Van dcr Velde, in 1912, to be its capacity to inhibit the 
secretion of urine, that t3, its antidiurctic action. In addition to these 
three diverse activities extracts of the posterior lobe exert a chromato- 
phoric action which we now know originates in the pars intermedia of 
the hypophysis. Some (Abel) believed that the diverse actions of the 
posterior pituitary were due to the presence of a single hormone; others 
argued that there were at least two principles present one of which 
exerted the pressor and antidiuretic actions while the other manifested 
the oxytocic activity. This latter view seemed to be established when 
Knmm and his co-workers succeeded in separating the extract into two 
fractions: pitressin (vasopressin) which had the pressor and antidiurctic 
action and was devoid of any action on the uterus, and pitoein (oxytocin) 
which manifested the oxytocic action and was relatively free of action 
on the blood-vessels. 

Chemistry,— Recent studies have established the unitary concept of 
the posterior pituitary hormone. Roscnfeld, by ultracentrifuging the 
juice obtained by pressing the fresh glands, showed that all the activities 
of the extract were proha b/j’ associated with a single molecular species. 
Van Dyke and his co-workcrs established the concept with greater 
certainty by isolating a protein from frozen posterior lobes of cattle. 
This protein was demonstrated to be pure by its constant solubility 
and its behavior when ultraccntrifugcd or subjected to electrophoresis. 
The molecular weight of the protein is about 30,000 with an isoelectric 
point at pf f 4 S It has an unusually high content of sulfur (-1,9 per cent) 
prc c ont almost entirely as cystine. The oxytocic, pressor and anti- 
diuretic activities of the protein arc present in the same ratio ns in the 
dried gland. The activity of tlsc purified hormone is approximately 
eights times that of the international reference standard It is unlike!* 
that the protein isolated In Van D% ke and his colleagues has merely 
adsorbed several components of the gland. On the contrary it is very 
probable that the fractions obtained by previous workers represent 
breakdown products from the hormone molecule which accounts for 
certain differences observed between the action of the extract and the 
fractions derived from it. 
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Physiology.— In connection with the pituitary gland, as also with 
certain of the other ductless glands, the question had from time to time 
been raised as to whether the active principles which are extracted from 
it are hormones which are elaborated in the gland and passed out into 
the body fluids to be carried to distant organs to perform a specific 
function, or whether they are merely potent chemical substances which 
are extracted through chemical manipulations but which may have no 
specific function in the body. An argument in favor of the former view 
has been furnished by the work of Haterius and Ferguson who carried 
out experiments in which the stalk of the pituitary was stimulated 
electrically at the same time as the uterine movements were being 
recorded. They found that when the stalk was stimulated there was an 
immediate increase in* uterine movements, both increased frequency 
and increased amplitude, resembling in every way the changes produced 
by the injection of the oxytocic hormone itself. The response persisted 
after spinal transection, after cutting of the splanchnics and of the vagi, 
but was lost after the stalk of the gland was destroyed. A more potent 
argument in favor of the hormonal activity of the gland is the fact that 
its removal leads to diabetes insipidus which can be abolished by injec- 
tions of extracts derived from the gland. That the gland normally plays 
a part in renal activity is also shown by cross-transfusion experiments 
with the isolated head of a dog.- When the pituitary is removed from 
the head, diuresis is induced which is then abolished when transfusion 
from a head with an intact pituitary is resumed. 

Action.— The administration by mouth of the dried gland or its extract 
is not attended by any obvious result, while the intravenous, subcu- 
taneous or intramuscular injection of the aqueous extract causes pro- 
nounced effects in a number of organs, especially in those containing 
involuntary muscle. The effect of the extract differs to some extent in 
different species and is greatly modified by anesthesia. Its effect on the 
isolated organ may also be much different from that observed in the 
intact body. In the latter the effects of the hormone on the blood supply 
may modify its action on the involuntary muscle. 

In general, the action of posterior pituitary extract is a summation 
of the effects of its oxytocic and pitressin fractions. That this should 
not always be true, however, is not unexpected if we accept the view 
outlined above that these fractions are derivatives of a single molecule. 

Circulation,— When the extract is injected intravenously into anes- 
thetized animals, the blood-pressure rises rather slowly and remains 
elevated for some time. The rise is usually preceded by an abrupt fall 
during which time the heart is accelerated, probably as a compensatory 
measure. The rise in pressure is due to constriction of the peripheral 
arterioles, as is shown by the lessened volume of the organs, and as this 
constriction occurs after the vasoconstrictor nerves have been divided 
and even after their connection with the muscular coats of the arterioles 
has been interrupted by ergotoxine, the pituitary substance must act 
directly on the muscle fiber. The rise in pressure under pituitary extract 
is smaller and less abrupt than that under epinephrine but is maintained 
longer. The constrictor action on the vessels may be shown bj' perfusing 
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them with saline containing pituitary extract, when the venous outflow 
is at once reduced. All the arterioles examined appear to be constricted 
when thus perfused, but in the body they vary in their response, some 
being narrowed more than others and the renal vessels even being dilated. 
In the normal animal, as well as to a less degree in the etherized, the 
injection of pituitary extract produces a marked pallor of the skin and 
mucous membranes lasting from fifteen minutes to an hour or more. 
The capillaries are powerfully constricted. 

The heart is generally slowed by the injection, and this partly through 
direct action on the cardiac muscle, and in smaller part from inhibitory 
action; the slight inhibitory stimulation probably arises partly from the 
increased blood-pressure flooding the brain and arousing the inhibitory 
center. But the extract also slows the excised heart perfused with 
Ringer’s solution, which indicates that the muscle is directly affected. 
The sudden fall of blood-pressure which is often observed immediately 
after the injection appears to be due to cardiac action, spasm of the 
coronary vessels being mainly responsible for the cardiac weakness. 
The cardiac output is also greatly reduced with changes in the electro- 
cardiogram characterized by alterations in its T-wavcs. 

After the blood-pressure has returned to its normal height, a second 
injection of pituitary extract is found to have no effect or a much slighter 
one than the first, the vessel wnlls apparently having lost their power of 
response to the active principle. This phenomenon is known as tachy- 
phylaxis. In man, the intravenous or subcutaneous injection of prepara- 
tions of the posterior lobe is sometimes followed by an increase in blood- 
pressure, which may be maintained for a considerable period. How- 
ever, in a certain number of persons the rise may be slight and in many 
cases, in place of an increase, there may be a very definite lowering of 
pressure. The diastolic pressure is usually raised, so that there is com- 
monly a reduction in pulse pressure. Following the injection in man, 
there is also a decrease in pulse rate, in cardiac output, and in oxygen 
consumption. These changes last for a brief period, when they arc 
, % ,1 , , i. , j.*.. :_,n .1 .i — — om _ . j 


man and Geiling). 

Pitressin, in general, manifests nctions similar to that of the whole 
extract on the cardiovascular system. However, pitocin nbo (Woodbury 
and Abreu) lias cardiovascular actions which differ in different animal 
species. In the rabbit nnd cat this fraction lowers the arterial pressure 
and weakens the cardiac contraction; similar effects are observed in man 
although they arc of short duration. In the fowl, the oxjtocic fraction 
markedly lowers the blood-pressure, this phenomenon being utilizes! at 
times as a procedure for assaying oxytocic activity. This depressor 
effect of the oxytocic fraction is due to dilatation of the systemic arteri- 
oles. 

Respiration. —The respiration is generally strengthened at first, hut 
later becomes shallower and slower, and these phases may recur several 
times. After repeated injections of the extract, it ceases to have any 
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effect. The center is acted on directly, the action beginning at the same 
time as that on the blood-pressure. In the rabbit and guinea pig the 
bronchial muscle is strongly contracted but this effect is probably due 
to histamine contamination of the pituitary preparation. Highly purified 
preparations are said to have no constrictor effect on the bronchi. In 
the unanesthetized animal the intravenous injection of the extract 
causes apnea alternating with periodic panting and marked acceleration 
of the respiration. These changes, which are ascribed to impairment 
of the circulation to the respiratory center through vaso-constriction, 
are much less marked in the etherized animal and also when it is given 
to the normal animal by the subcutaneous route. 

The Stomach and Intestine are aroused to stronger contractions under 
pituitary extract. The tone of the intestine is increased and defecation 
soon follows in the case of the unanesthetized dog. The action on the 
intestine also occurs in man. In the dog the pressor factor seems to be 
more important in its effect upon the intestine than the oxytocic prin- 
ciple which exerts relatively little effect. Variation in technique and 
differences in reaction between different species of animals probably 
explain the many discordant results which have been reported in the 
study of this question (Larson). In cats which had been injected with 
thorium dioxide, rendering the colon opaque to the roentgen-rays, 
pitressin produced in certain cases a marked colonic contraction which 
readied its maximum in fifteen minutes.^ The animals differed in their 
susceptibility to the pitressin and negative results followed the use of 
the oxytocic principle. The bladder undergoes changes similar to those 
in the intestine. 



Fia. 49. — Contraction of the isolated uterus suspended in Ringer’s solution; pituitary 
extract was added at P. (Dale.) 

The isolated Uterus, submerged in a warm saline bath, contracts more 
strongly and relaxes less completely after pituitary extract (Fig. 49), 
and this change differs from that seen under epinephrine in that the 
stimulating action occurs in all animals, whether pregnant or not, and 
therefore cannot be attributed to an action on the nervous mechanism 
but must arise from a direct muscular effect. In the intact animal and 
in the human patient the action of pituitary extract on the uterus is 
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not so simple, and its effect is apparently modified by various factors, 
such as the condition of the uterus itself, whether it is in the non- 
pregnant state or, if pregnant, whether in the early or late stage (see 
Fig. 50). Whether the organ is quiescent or actively contracting is 
important, as it responds much more strongly to pituitary if in the latter 
condition. The organ in situ would also be influenced by hormones 
from the ovaries and the effects of these will doubtless determine to 
some extent its reactivity to the oxytocic principle of the pituitary. For 
example, the uterus of a castrate, which is normally refractory to pos- 
terior pituitary extract can be sensitized by the prior administration of 
an estrogen. In general the uterus seems to be most reactive to pituitary 
in late pregnancy and during labor, so that preparations of the gland 
have to be given with caution in order to avoid tetanic contraction of 
the uterus, with suffocation of the child, or even rupture of the organ. 
The action on the uterus is more marked than the motor action on the 
alimentary tract. 


t Oit.tY 
as& 


Fto SO —Effect of pituitary extract upon the human uterus Tracing? taken from » 
patient on the eighth poitpartum day A rubber balloon was placed in the uterine cavity 
and connected with a bellows recorder. Upper tracing shows the effect of 0.3 ec of pitui- 
tary extract given intravenously. Lower tracing taken from the same patient 50 minutes 
later following administration of 1 cc of pituitary extract subcutaneously Tune inter- 
vals, five minutes. (Gardner and Bradbury.) 

Morgan has analyzed the effect of extracts of the pituitary gland 
upon the uteri of anesthetized rabbits, comparing the effect of the extract 
with that of its two components, as illustrated by pitressin and pitocin. 
The oxytocic principle caused a contraction of the uterus followed by 
augmented activity, while the contraction caused by the pressor prin- 
ciple was followed by a period of lessened activity which is accompanied 
by a fall in volume of the uterus due to a spasm of its vessels. The effect 
of the injection of the whole extract is the sum of the two components , 
the presence of the pressor principle being responsible for the late depres- 
sion of activity sometimes seen. There is some question as to whether 
the oxytocic fraction exerts the same action on the intact human uterus 
as does the pituitary extract from which it is derived. 

KCelanophores.— When frogs are treated with pituitary extract, a 
distinct darkening of the skin i3 observed from dilation of the melano- 
phorcs or pigment masses; this appears to be due to a direct action on 
the pigmented cells. The anterior lobe of the gland of most animate is 
apparently devoid of the substance which produces this effect as it is 
confined to the neuro-intermediate lobe. The melanophore-stimulating 
principle has been named Intermedin. The presence of this hormone in 
extracts of the posterior lobe of the pituitary is due to the fact that the 
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pars intermedia from which it is derived is closely attached to the neural 
lobe and the combined tissues are used in the preparation of posterior 
pituitary extract. In animals in which the pars nervosa is entirely 
separate from the pars intermedia such as the chicken, porpoise, arma- 
dillo, or whale, extracts of the former manifest no action on the melano- 
pliores. In these species, extracts of the anteriof lobe exert an action on 
the melanophores. 

Boiling posterior pituitary extract with alkali results in the destruction of its 
pressor, oxytocic and antidiuretic, actions. On the other hand, the chroma- 
tophoric activity of such extracts is actually enhanced by this procedure. 

By means of tissue culture of the different portions of the pituitary gland, 
Getting and Levis obtained evidence that the melanophore expanding hormone 
is elaborated in the pars intermedia, but that this portion of the gland does not 
form the pressor hormone, as extracts of the pars intermedia tissue possess no 
blood-pressure raising property. The tissue cultures from the anterior lobe gave 
neither blood-pressure raising nor melanophore-expanding effects. 

The Pupil appears to vary in its reaction and shows no very marked 
change as a general rule; in the excised eye of the frog some observers 
obtained dilatation, others contraction; in the rabbit contraction gener-, 
ally occurs from intravenous injection, dilatation from instillation. 

Kidney.— One of the earlier observations was that pituitary admin- 
istration to anesthetized animals was followed by a profuse secretion of 
urine. This is accompanied by an accelerated flow of blood through the 
kidney, while the amount of oxygen used in the organ is not increased. 
The period of diuresis in the rabbit, which lasts about one-half hour, 
is often preceded by a brief period of lessened flow of urine which has 
been ascribed to the action of the extract upon the ureters producing a 
constriction. It is doubtful if this action is of any importance, for in 
hydrated animals even minute doses of the extract prevent diuresis. 
Various explanations have been given for the diuresis which may follow 
the administration of the pituitary preparations. It seems clear that 
it is not due to a direct action of pituitary upon the kidney, and from 
the fact that the urine is rich in salts it is believed that the diuresis, in 
part at least, is in reality a saline diuresis, the increased fluid of the 
urine being necessary to eliminate the salts. An improved renal circula- 
tion is doubtless an important factor in bringing about the diuresis, as 
there is usually an increased renal blood flow r and an increased kidney 
volume. A contraction of the efferent arterioles has also been found 
which would increase glomerular pressure and thus favor diuresis. 

After the period of diuresis has passed off there usually follows a 
stage of diminished urinary flow which may last for a considerable time. 
In man and in unanesthetized animals diuresis is not induced and the 
effect of the extract is solely to lessen urinary flow. This antidiuretic 
effect is due to the stimulation of rcabsorption of water in the thin 
portion of the loop of Henle and the terminal portion of the proximal 
convoluted tubules (Burgess, et al). Denervation of the kidney does 
not prevent the reaction nor is it secondary to changes in blood flow 
through the organ. In addition to this effect on water absorption the 
hormone also decreases the reabsorption of salt. 
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The antidiuretic effect of posterior pituitary extract is especially 
marked in cases of polyuria, notably in cases of diabetes insipidus. In 
this condition the urine is enormously increased, as much as 10 to 30 
liters being passed in twenty-four hours or many times the normal 
amount; this is accompanied by intense thirst and large amounts of 
water are drunk. There is often some lesion in the neural lobe of the 
pituitary, the pathways connecting this lobe to the hypothalamus or 
in the hypothalamus itself The hypodermic injection of pituitary 
extract reduces the urine to within ordinary limits, and by repeated 
injections this may be maintained but the diuresis returns as soon as 
the treatment is stopped ( cf . Fig. 51). 



(Christian ) * 

In frogs the injection of pituitary extracts produces a gain Vn^-wright w a 


Milk-secretion.— One unique property of pituitary extract is its power 
of apparently increasing the secretion of the mammary glands. ^ The 
rate of outflow may be increased as much as eighty times by on intra- 
venous injection of pituitary extract and Schaefer states that even the 
glands of a non-pregnant cat may be induced to expel some serous fluid 
under its influence. However, pituitary extract does not actually increase 
the amount of milk formed, but merely causes its rapid expulsion by 
arousing the unstriated muscle of the gland to contract; this is not pre- 




vented by atropine, the muscle fibers being affected directly. While 
the secretion is increased immediately, the total amount of milk per 
day is not augmented in cows. In the human subject pituitary extract 
injected intramuscularly causes tingling in the breasts and then free 
secretion. The extract of the pituitary of birds and fishes is also a 
galactagogue in mammals. 

The Central Nervous System does not seem to participate in the action 
of pituitary extract except after very large doses, which are followed 
by some somnolence and muscular weakness. The cerebrospinal fluid 
is increased, apparently from a direct action on the choroid plexus. 

The action of^ pituitary extract is apparently a direct one on the 
terminal organs irf each case and not on the nervous mechanism. The 
failure of a second injection to induce effects comparable to the original 
one has not been explained in any way. The most typical effects are 
obtained by the intravenous injection of the extract, but subcutaneous 
injection also elicits them in a less marked degree. Little or no effect 
follows the administration of the gland or its extracts by the mouth. 
A general action of the drug is also obtained from its application to the 
nasal mucous membrane. For this purpose a pledget of cotton moistened 
with a dilute solution is placed in the nasal cavity. 

General Metabolism.— The administration of extracts of the pituitary 
■is followed by hyperglycemia. While some hyperglycemia does follow 
the injection of the crude extract or of pitressin in rabbits, the dosage' 
necessary is too high to be considered physiological. In dogs, on the 
other hand, mild states of hypoglycemia which have been produced by 
insulin can be abolished by the oxytocic hormone of the pituitary, while 
the pressor principle has no such action. Large doses of the oxytocic 
principle will not only remove the insulin hypoglycemia, but will also 
cause a condition of hyperglycemia (Ellsworth). However, the purified 
hormone isolated by Van Dyke and his collaborators exerted no effect 
on the blood sugar of rabbits and hence it is improbable that the hor- 
mone is of any significance in carbohydrate metabolism. 

The pressor principle lias also been shown to produce a fatty change 
in the liver of certain animals, an action which is almost absent from the 
oxytocic fraction. 

Further changes in metabolism following the injection of the pressor 
principle into unanesthetized animals are indicated by the arterial hue 
of the blood returning from the muscles during the early period following 
the administration of the drug. The lessened oxygen consumption is 
accompanied by an increase in lactic acid in the blood, together with a 
lowered carbon dioxide tension. This period, during which the tissue is 
apparently not taking up oxygen and occurring when the output of 
the heart is lowered, is followed by the period of recovery when the con- 
ditions are reversed, the blood being of a dark color, with increased use 
of oxygen in the tissues, with a rising production of carbon dioxide, and 
return of lactic acid to its normal level Whether these changes are 
brought about through an action on the cells or through the vascular 
changes produced by the drug is unknown. The former would be most 
probable. 


PITUITARY POSTERIOR LOBE 539 

The Excretion of the pituitary principle appears to be slow arid to be 
performed by the kidney. Most of the hormone is destroyed in the 
tissues, only a small portion appearing in the urine. Some experimental 
work seemed to suggest the presence of pituitary secretion in the cerebro- 
spinal fluid, but the oxytocic effect produced by this fluid has more 
recently been shown to be due to its calcium content. 

Therapeutic Uses. —Pituitary preparations are used extensively in 
obstetrics to arouse or to strengthen the contractions of the uterus. 
However, its use is attended with certain serious dangers which militate 
against its general use. The effects come on in from two to three minutes 
after subcutaneous or intramuscular administration of the extract, reach 
their maximum strength quickly and begin to decline in ten to fifteen 
minutes. The usual effect is to increase the number and the strength 
of the individual contractions but sometimes a tetanic spasm of the 
muscle supervenes which may be a source of danger to the life of the 
child. 

The drug may be used in the second stage of labor in case there is 
no contraindication such as a disproportion between the size of the 
pelvis and that of the fetus and if the cervix is fully dilated In case the 
cervix is not dilated or if there is some obstruction of delivery the strong 
contractions of the organ which would be caused by the extract might 
result in rupture of the uterus with death of the child and grave danger, 
to the mother. 

The extract is also very useful following the delivery of the child 
when there is postpartum hemorrhage due to an atonic condition of the 
uterus. When used in such cases in full doses it usually proves very 
effective. When it is given during the course of labor, however, it should 
be used in very small doses which may be repeated at intervals if neces- 
sary. Tlie small divided doses lessen the likelihood of spasm of the uterus 
with danger of rupture of the organ or laceration of the other soft 
tissue. Pituitary is also used to some extent to induce labor during the 
last few weeks of pregnancy. 

The extract lias been used to increase the blood-pressure, especially 
in shock, but its use for this purpose is irrational since the extract does 
not counteract the peripheral vasodilatation characteristic of shock and 
tends, if anything, to aggravate the condition. In the normal human, 
injection of posterior pituitary extract may occasionally induce a shock- 
like state. 

In atony of the intestines such as may occur following surgical opera- 
tions or as a complication of some of the acute infections, it has been 
used at times with success. Other measures are, however, usually pre- 
ferred for this condition. 

An important use of posterior pituitary extract is in diabetes insipidus 
where the polyuria can tic controlled by the use of the drug which acts 
as a substitution therapy for the deficiency induced by failure of the 
gland to secrete its hormone. The relief is only temporary, lasting only 
so long ns the extract is being given It may be administered In this 
condition by hypodermic or intramuscular injection once or more daily 
depending upon the severity of the disorder. Aside from the intunvem- 
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ence of frequent injections, the parenteral administration often gives 
troublesome abdominal cramps and diarrhea. For this reason many 
prefer to administer the drug by insufflation of the dried powder. This 
latter method is satisfactory except for the load nasal irritation which 
it sometimes induces. Pitrcssin has also been used in the form of a 
tannatc which is slowly absorbed and lienee obviates the necessity of 
frequent injections. A single injection of this preparation every twenty- 
four to forty-eight hours, may adequately control the polyuria and poly- 
dipsia of patients with diabetes insipidus. Pituitary extract may also 
be given by the rectum but when given by this route its effect is very 
transitory. Administration of the extract by inoutli is without value. 

Preparation's 

Injectio Pituitarii Posteiuows (If. S. P.). posterior pituitary injection, a 
sterile solution in water for injection prepared from tlic posterior lobe of the 
pituitary body of healthy domesticated animals used for food by man. The 
potency is such that 0.1 cc. of the solution possesses an activity equivalent to 
one U. S. P. Posterior Pituitary’ Unit which is equivalent to 0.5 mg. of the 
U. S. P. Posterior Pituitary Reference Standard, hose, 1 cc. intramuscularly. 
Extiuctum PiTDiTAim Liquiduu (B. P.). Dose, 02 to 0.5 mil. 
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m. THYROID GLAND 

The treatment of certain diseases by the administration of thyroid 
gland and its extracts is one of the most satisfactory examples of rational 
therapeutic progress, and the steps which led to its adoption may 
therefore be briefly mentioned. In 1882-3, Kocher and Reverdin pub- 
lished observations made on patients whose thyroids had been totally 
extirpated, and who had subsequently presented a series of symptoms 
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to which these observers gave the name of cachexia, thyreopriva. They 
pointer! out that this condition resembled in many of its features myx- 
edema, a disease discovered by Gull some years before and associated 
with atrophy of the thyroid gland. These observations were confirmed 
by a number of authors, who removed the thyroids from animals, and 
induced cachexia in them. The next advance was the discovery that 
these symptoms in animals could be removed, or at any rate ameliorated, 
by grafting pieces of thyroid in the peritoneal cavity or subcutaneous 
tissue. Horsley suggested that myxedema should be treated in the 
same way, and Murray soon afterward introduced the treatment of 
this disease by the subcutaneous injection of thyroid juice. Even 
m his first case, the results were eminently satisfactory, but it was 
soon found that the same results could be obtained by administration 
by the stomach, and a large number of cases have now been recorded 
in which very favorable results, or even the complete - f 

the sjmptoms has followed - ■ 

l ' j . ,«*%, vvi symptoms. That 

t uue to the treatm*** **• -roved conclusively 

by the return of ***» * * 

Chemistry. —Tl :ould be explained 

only by the prese ‘ uneuucal principle, for the preparation of 
course contained no living cells. A globulin, thyreoglobulin, was ex- 
tracted from the gland, which had the therapeutic actio* ?"■* - ' » 

ordinary protein reactions W 1 


l was isolated from the 

g „ uoa named by him Thyroxin. By improving the meth- 

od of isolation. Harrington succeeded in greatly increasing the yield of 
thyroxin to be obtained from the gland and showed that 1h*» i 

is a tetra-iodo derivative of th<» V*' ' 


1 


-CZ><^I> c 


HjCHfKHj) COOH 


The correctness of this view was later confirmed by synthesis of the 
product by himself and Barger. Basing his calculation upon the fresh 
gland, Harrington obtained a yield of thyroxin of 0.027 per cent, or 
0.12 per cent of the dried gland. The synthetic thyroxin has been 
tested on patients and found to possess the effects utv»" basal 
metabolism which are r .of the 

- -'l 
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itself. Thyroxin is a white crystalline substance existing in the gland 
in protein combination. 

C A second compound containing iodine has also been isolated from 
the gland. This. compound has been shown to be diiodotyrosine, pos- 
sessing the formula.: 

I 

HO<^>CH 5 CH(NH 1 ).COOH 


It will be seen that this compound is very closely related chemically 
to thyroxin, it being an intermediate product in the synthesis of the 
thyroxin in the thyroid.* Previous to the isolation of this compound it 
had been suggested that thyroxin had probably been derived from 
tjTOsine and notf with the finding of this substance the relationship 
between tyrosine and thyroxin is established with diiodotyrosine as the 
intermediate product. Diiodotyrosine itself is only about 2 per cent as 
active as desiccated thyroid on the basis of their relative iodine contents. 
However, a combination of the compound with protein manifests con- 
siderable activity. 

The pimple incubation of protein with iodine results in the formation 
of an iodinated protein which has the qualitative action of thyroglobulin 
although it is much weaker in its action. From iodo-casein prepared 
in this way, crystalline racemic thyroxin has been isolated. It is assumed 
that iodine acts on the tyrosine present in the protein to give a diiodo- 
tyrosine and thyroxin protein combinations probably through the inter- 
mediate formation of diiodothyronine. The last named compound is 
the p-hydroxy-phcnyl ether of diiodotyrosine or thyroxin minus its 
two iodine atoms in the 3 1 , 5 l positions. It has the formula: 


I 



The hormone of the thyroid gland according to the best available 
evidence is a protein complex of thyroxin, diidotyrosine and possibly 
diiodothyronine. This compound is referred to as thyroglobulin or 
iodotbyroglobulin. It is unlikely that the thyroid hormone circulates 
in the organism in the form of so large a molecule which serves as the 
form in which the hormone is stored in the gland to be converted to a 
simpler polypeptid which is released into the blood stream. 

Action.— The thyroid preparations and thyroxin often have little 
obvious effect in normal persons or animals unless given in what would 
be large doses for others; symptoms develop slowly and the maximum 
effect of a dose may not be reached for several days. The reason for 
this is that the administration of a hormone to the intact organism merely 
suppresses its production by the gland which normally elaborates it so 
that there is actually no excess circulating in the body. Undesirable 
effects are more liable to be induced by repeated doses than by a single 
large one. These symptoms are partly subjective and indefinite, such 
as headache, wandering pains, or general weakness, while others indicate 
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circulatory changes, and consist of a feeling of fullness and congestion 
of the head, palpitation of the heart, and acceleration, sometimes weak- 
ness, of the pulse. Tremors in the arms and legs point to changes in 
the central nervous system, while loss of appetite and diarrhea indicate! 
that the alimentary canal is not exempt from its influence Perspiration j 
is often complained of, especially in myxedema, and a rise of tempera-! 
ture also occurs frequently. The most striking effect in the majority of* 
cases is a rapid loss of weight. 

If to a completely myxedematous patient with a basal metabolism 
of about —30 a dose of 0,2 to 0.4 grams of desiccated thyroid is given, no 
subjective symptoms may be experienced for about twelve hours. After 
this time there may set in headache, loss of appetite, nausea and perhaps 
vomiting, pain in the bach, legs and joints and an increase in pulse 
rate and in metabolism. The temperature rises to normal or perhaps 
to a little above normal. The skin becomes moist. These symptoms 
are most marked on the second day and the height of the metabolic 
curve is reached between the third and the tenth day. There is also a 
change in the appearance of the patient, the face becoming more expres- 
sive and the speech faster and more distinct. The period of discomfort 
may last one or two weeks, or in old cases, even longer. If the dose of 
dried thyroid has been smaller or if repeated small doses have been 
given the symptoms of discomfort are less marked but they are likely 
to last for a longer time. In any case, by the end of the second week 
the patient should have a normal metabolic rate and this is non main- 
tained by the use of standardized thyroid preparation given daily 

In normal animals thyroid extract injected intravenously in large 
quantities accelerates the heart and lowers the blood -pressure slightly, 
and when given by the mouth repeatedly for several days, it may also 
cause some acceleration This quickening of the heart has been attrib- 
uted by some investigators to stimulation of the sympathetic nervous 
mechanism, by others to direct action on the heart, it does not seem 
to be due to any changes in the inhibitory apparatus. Hearts of animals 
which have been treated with thyroid so as to induce tachycardia, and 
are then removed from the body and perfused with Locke’s solution will 
retain their rapid rate for a considerable period of time, even for hours. 

Loss of flesh and thirst have been observed, even when the appetite 
is good and sufficient food and water are supplied. The urine is uniformly 
increased in amount. A number of observers have found that the con- 
tinued administration to the animals of thyroid preparations in large 
amounts leads to diarrhea, muscular weakness, especially in the hind — 
extremities, emaciation, gastroenteritis, nephritis, and fatty degenera- ^ 
tion of various organs. In other instances no such symptoms have hecto 
elicited, the animals remaining perfectly normal after prolonged treat- 
ment. Different species of animals vary greatly in their susceptibility 
to thyroid treatment, and this may explain some of the anomalous 
results recorded. 

The Metabolism is changed by thyroid medication more uniformly 
than any other function, and this is its essential effect. All the nutritmf — 
processes seem to be accelerated. This may be observed in many indiA 
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( vidosls in the rapid loss of weight, which often amounts to several 
1 pounds per week. Again, the amount of nitrogen in the urine is increased 
' both in goiter and myxedema, and very often in apparently normal 
persons. More nitrogen is excreted in the urine frequently than is taken 
in the food, that is to say, the treatment leads to the destruction of the 
proteins of the tissues. If more nitrogenous food be given, however, 
this may be arrested, and in fact if large quantities of meat be taken, 
less nitrogen may be excreted than is taken in the food, so that although 
the patient is losing in weight, he may be actually increasing in nitro- 
genous tissue. The increase in the nitrogenous excretion is not stayed 
by the administration of carbohydrates and fats on the other hand, 
because the glycogenic function of the liver is disorganized by thyroid 
treatment. The increase in the nitrogen of the urine is accounted for 
almost entirely by the increase in the urea; the ammonia shows a very 
slight rise, while the uric acid and the creatinin remain almost unchanged; 
some creatin appears in the urine. 

The calcium metabolism has also been shown to be modified, as the 
administration of thyroid preparations in addition to raising the general 
_ metabolism also increases the calcium output. In exophthalmic goiter 
there is a high calcium excretion which in extreme cases may lead to 
-"osteoporosis of the bones, while in myxedema the reverse is true. This 
effect is in large part if not entirely secondary to the effect on the gut, 
the increased motility of which in hyperthyroidism interferes with the 
absorption of calcium. 

The other constituents of the tissues also are consumed more rapidly, 
and in fact the accelerated protein waste accounts for only about one- 
sixth of the loss of weight. The fats are reduced throughout the body, 
and the sugar metabolism undergoes modifications, which are shown 
in the disappearance of glycogen from the liver and not infrequently 
by the occurrence of glycosuria, either spontaneously or after the 
ingestion of quantities of sugar which w'ouid be oxidized completely in 
normal persons. 

The acceleration of the metabolism is also shown by the increased 
amount of oxygen absorbed and of carbon dioxide exhaled under thyroid 
treatment. This has been noted in myxedema, goiter and obesity 
treated with thyroid, and has recently been shown to be the most 
regular effect of thyroxin; 1 mg. is sufficient to increase the basal metab- 
olism by 2 to 3 per cent, while regular treatment with 2 mg. per day 
may raise it 20 to 30 per cent. 

The removal of fluid from the body, perhaps the most potent factor 
in reducing the weight in these cases, is shown by diuresis, which occurs 
in myxedema especially. This diuresis has been ascribed to some specific 
action on the kidney, or to the changes in the circulation, but may per- 
haps be due to the increased excretion of urea and other urinary sub- 
stances. Recently it has been shown that the administration of thyroxin 
is followed by mobilization of water and sodium chloride which, entering 
the blood stream, produces a high degree of hydremia and that the in- 
crease in urine is due to the ordinary changes in metabolism as the 
diuresis occurs early while the metabolism changes do not reach their 
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maximum for some time. That the kidney is acted on in some cases is 
shown by the occasional appearance of albumin in the urine of patients 
treated with thyroid preparations. The phosphates excreted arc increased 
in the same ratio as the nitrogen, and the increase is obviously due to 
the same cause, .augmented protein waste. 

A difference of opinion exists as to the site of action of thyroxin. 
According to Mansfield and his co-workers, the increase in metabolism 
is exerted on the periphery inasmuch as section of the cord lias no effect 
on the metabolic changes and the inhibitory action of phcnobarlutal 
is probably a peripheral .one. On the other hand, Issckutz and Dimer 
claim that mere section of the cord does not exclude a centra! action and 
that phenobarbital in the small amounts present in the blood in ordinary 
narcosis is not inhibitory to the action of thyroxin and they, therefore, 
believe the point of attack is on the central nervous system. The fact 
that thyroxin added to the medium in which tissue slices are Misjwnded 
increases their oxygen consumption favors the first viewpoint. 

_ It is believed that about 0.5 to 1 mg. of thyroxin undergoes destruc- 
tion in the body normally each day and it has been calculated that on 
an average the normal human body contains lo mg., tins amount of 
thyroxin given to a thyroidless patient will continue to art for one or 
two months, after which the previous condition recurs. 

Kendall stales that when injected into the blood about -10 per cent of tin ro\m 
is excreted in the bile and 13 per cent in the urme within two days, there is thus 
htile response to a single dose, but if the same total amount is goon in related 
small doses, marked effects may be elicited After thyroid preparations Imc 
been administered, iodine is found in the urine in the form of iodide*, so that 
the thyroxin is evidently decomposed, at least in part, in the body 

The absence or atrophy of the thyroid gland in young animals or 
children arrests the growth both physical and mental, and treatment 
with thyroid extract accelerate* the growth in many of these can".. In 
normal growing mammals, treatment with thyroid doe* not alter the 
general increase in size and weight greatly , but some organs, such os 
the heart, liver, suprarenal*, kidney and pancreas grow more rapidly . 

In tadpoles fed with thyroid the increase in size is slowed or arrested, 
but the metamorphosis is much accelerated (Gudematch), so that there 
results a number of small frogs, w-Jdle the untreated controls are still 
large tadpoles; this accelerated development 1ms l>ecn used to estimate 
the quantity of active principle in preparations of the gland In other 
amphibia in which the metamorphosis is slower and less regular than 
in tadpoles, the results of thyroid treatment art' even more striking 

When thyroid preparations are fed to fowls in fairly hrec doses the birds 
molt, losing their feathers within ten days, ro that thev may be almost fcather- 
less. The new feathers which come in are frequently different in color from the 
orisrfnal in that many w hich were black or colored arc replaced by white feathrr*, 
indicating a marked interference with pigment formation 

Therapeutic Uses. — J V-j vested thy roid is med as a substitution therapy 
in several clinical conditions in which there is a deficiency of the normal 
secretion of the gland. The clinical manifestations of thyroid insufficiency 
vary depending upon the degree of the deficiency and the age of the 
35 
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patient. When there is a deficiency of the hormone in uterine life due 
to agenesis of the thyroid (sporadic cretinism) or to a deficiency o] 
iodine available to the mother (endemic cretinism) irreparable damage 
to the nervous system results and the child ultimately presents the 
classical picture of the cretin (Fig. 52). A less complete degree of insuf* 
ficiency occurring during childhood 
gives rise to- retarded growth and 
mental development of a much less 
obvious degree. This condition is 
designated as juvenile hypothyroid - . ‘ v 

ism, In the adult, thyroid deficiency 


Fig. 52 Fio. 53 

Figs. 52 and 53. — A case of sporadic cretinism. Fig. 52, before treatment, age thirteen 


years, height 361 inches. Fig. 53, after treatment with thyroid extract, seventeen months 
later, height 41 J inches. (Bronstein, et al.. Am, Jour. Med. Sci.) 


if complete gives rise to a clinical syndrome first described by Gull in 
which there is a peculiar infiltration and thickening of the skin which 
he therefore designated as myxedema. However, partial deficiency may 
also occur in which the peculiar thickening of the skin is not pronounced 
but in which other evidences of thyroid deficiency are demonstrable. 
The latter condition is best designated simply as hypothyroidism, a 
term which includes also of course myxedema, juvenile hypothyroidism 
and cretinism. 

Desiccated thyroid is useful as a substitute for the normal glandular 


THYROID GLAND 


547 


secretion, but it must be used with care, especially if the heart is 
seriously affected, as the cardiac muscle may be unable to meet the 
requirements of the accelerated rhythm; several serious cases and 
one or two fatalities have been recorded in these conditions. 

Desiccated thyroid is useful as a substitute for the normal glandular 
secretion in cases where the latter is wanting or deficient; thus in atrophy 
of the thyroid in adults (myxedema), after its extirpation (cachexia 
thyreopriva), and in its congenital absence or atrophy (sporadic cretin- 
ism) the most remarkable improvement follows its use, the patients 
from a condition of idiocy regaining practically normal intelligence 
(Fig. 53). It is of the first importance to commence the treatment as 
soon as the condition is recognized because unless the treatment is begun 
early no complete return to the normal is obtained, although improve- 
ment is observed even in neglected cases. The exact dose necessary to 
maintain a normal rate of metabolism must be determined for each 
case, but the average amount needed is from 30 to 120 mg. (^ to 2 gr.) 
of a standardized thyroid preparation daily. Changes in the size of the 
doses should not be made frequently as the full effects at a given dosage 
level are not manifest for three weeks. Changes in the dose are there- 
fore made at three to four week intervals. After the correct dose is 
ascertained it is occasionally necessary to change it and it must be 
maintained in myxedema or cretinism throughout life. 

The use of thyroid preparations in these conditions, in which the 
gland is atrophied, is readily understood. On the other hand, it may 
appear anomalous to employ it also in cases of enlargement of the gland 
(goiter). Yet great improvement is seen from thyroid treatment in 
many of these cases. In colloid goiter the gland is enlarged (hyperplasia), 
but this docs not indicate an excessive formation of secretion, but the 
reverse; the gland hypertrophies in an effort to compensate for the 
poverty of iodihe, and when the condition is treated with thyroid the 
hyperplasia lessens and the gland assumes its normal condition as far 
as the secretory epithelium is concerned, though it may remain enlarged 
through the presence of large colloid masses. Goiter does not require 
the permanent use of thyroid as a general rule; the treatment is carried 
on only until the gland is reduced in size. 

The decrease in weight occurring in thyroid medication suggested its 
use in obesity, and it has been followed by some loss of weight in a cer- 
tain number of cases, especially when accompanied by proper dietetic 
treatment. In many instances it has had little or no effect, however, 
and the initial encouraging action is seldom maintained when the treat- 
ment is continued, the daily loss of weight gradually becoming smaller 
until it ceases altogether. The amount of fat actually destroyed seems 
to be trifling, Magnus-Levy estimating that about one pound disap- 
pears in ten days, which is much less than can be got rid of by judicious 
exercise and an appropriate dietary. Besides, the continued use of 
thyroid in these cases is not altogether devoid of danger. Many of the 
antifat remedies put on the market contain thyroid extract and their 
continued use has led to serious symptoms in a number of cases. 

Desiccated thyroid is also widely used in a number of other clinical 
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conditions frequently without any rational basis and with questionable 
results. It is used widely by gynecologists in the treatment of various 
menstrual disturbances, sterility and abortion; by dermatologists for 
psoriasis and other chronic skin affections; and by internists for chronic 
fatigability and anemia of unknown origin, chronic obstipation, Meniere’s 
disease, recurrent corneal ulcers, rheumatism, etc. 

Preparations 

Thyroideum (17. S. P., B. P.), thyroid, the cleaned, dried, and powdered 
thyroid gland obtained from domesticated animals that are used for food by 
man. Thyroid (17. S. P.) contains not less than 0.17 per cent and not more than 
0.23 per cent of iodine in thyroid combination. The B. P. requires only 0.09 
to 0.11 per cent of iodine. Dose, U. S. P., 60 mg.; B. P. 0.03 to 0.3 gram. 

Thtroxinum (17. S. P.) f thyroxin, Ci*H t iI 4 NOi, white needle-like crystals, 
insoluble in water but soluble in alkali. Dose, 0.5 mg. 

TnrROxrN Sodium (B. P.), the sodium salt of thyroxin, CuHioO<NT«Na. 
Dose, 0.1 to 1 mg. by intravenous injection. 
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Thiouracil 

The use of iodine to depress the activity of the thyroid gland in 
Graves’ disease lias been considered in an earlier chapter (page 73). 
Thiouracil also acts to overcome the symptoms of hyperthyroidism by 
interfering with the synthesis of the thyroid hormone and was intro- 
duced into clinical medicine for this purpose by Astwood in 1943. As 
seen in the accompanying formula thiouracil is 2 -oxy-O-thiopyrirnidme. 


HN— C=0 
si in 
HN-CH 

Thiouracil 


CjHrN — C=0 

hn-Bh 

propylthiouracil 
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Action.— A number of sulfur-containing compounds such as thiourea, 
the sulfonamides, thiocyanates, etc., had been previously shown to be 
goitrogenic, that is, to induce an enlargement of the thyroid gland and 
depress its action. This hyperplasia of the thyroid gland is apparently 
n compensatory mechanism comparable to that observed when a sub- 
optimal intake of iodine is provided or when other goitrogenic substances 
arc ingested such as the leaves of the Brassicaccx family (cabbage, 
cauliflower, broccoli), soy bean flour, etc. These act apparently by 
decreasing the availability of iodine, for their action is prevented by the 
simultaneous ndrainistrntion of this element. This supposition is borne 
out by the demonstration that thiourea in vitro protects tyrosine and 
casein against lodination (Miller, d a/.). The thio compounds may thus 
prevent the synthesis of thyroid hormone in the gland by blocking the 
iodination of the precursors of the hormone. The enlargement of 
the gland is a secondary hj'pertrophy in response to the deficiency of 
the hormone in the body. 

Thiourncil when administered to patients with thyrotoxicosis induces 
a lowering of the metabolic rate, which may return to normal, and 
concurrently induces a clinical remission of the disease. The prior 
administration of iodine prevents thiouraci! from inducing its usual 
effects. In greatly enlarged glands also its effectiveness is not apparent 
for many weeks. 

Toxicity. —The drawback to the clinical use of thiourncil has been 
its toxicity, approximately 13 per cent of all cases manifesting some 
adverse reaction to the drug. The most frequent and severe complica- 
tions of thiouracil therapy are granulocytopenia, leukopenia, drug fever 
and dermatitis. Careful attention must be paid to the patient receiving 
thiouracil and the drug immediately withdrawn should any of these 
reactions appear. 

Therapeutic Use,— Thiouracil is used clinically to induce a remission 
in thyrotoxicosis due to Graves’ disease or toxic adenoma. It is possible 
by its preliminary administration to prepare the patient for subsequent 
surgery. The drug is usually administered in doses of 0.1 gram from 
four to six times a day until definite evidence of improvement is n^d 
which usually occurs within a week or two when ’ I 

to 0.1 gram onec or twice a day. 

Recently the proovM—' • 

ising results. ’ -.^es a day) 

and is possibly ’ * ..** tmouracil. 
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IV. PARATHYROID 

Hanson and Collip in 1926 first prepared from the parathyroid glands 
of animals a potent extract containing an active principle or hormone 
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which will relieve the symptoms of parathyroid tetany and in addition 
raise the blood calcium in a characteristic manner. In the tetany due 
to parathyroidectomy or to impaired function of these glands, animals 
have invariably a low blood calcium and an injection of the hormone 
will cause an increase in the calcium and at the same time relieve the 
symptoms. Animals which have had their parathyroids removed may 
be kept in perfect health by use of the extract but will exhibit tetany 
in a short time if its administration be stopped. If now a new injection 
be 'given, the animal will be restored to normal health in a very few 
hours. 

Administered intravenously to normal dogs or to those having under- 
gone parathyroidectomy, the curve of blood calcium rises, to reach its 
maximum between the fifth and the ninth hour, to return to normal in 
about twelve hours. Wien the hormone is given subcutaneously or 
intramuscularly the increase in the calcium appears somewhat later, • 
beginning about the fourth hour. It reaches its maximum in from twelve 
to eighteen hours and returns to the previous level in from twenty to 
twenty-four hours. Associated with the rise in plasma calcium is an 
increased'urinary excretion of calcium and inorganic phosphate and a 
decrease in the plasma content of the latter substance. If successive 
effective doses arc given at fairly short intervals the effect is cumulative, 
resulting in a pyramiding of the effect of each dose upon the previous 
until a condition of hypercalcemia is produced with values even higher 
than 20 mg. per 100 cc. of blood. Such animals show signs of a profound 
intoxication which may end in coma and death. An early symptom of . 
the hypercalcemia is vomiting, followed by diarrhea, weakness and 
some dyspnea. In fatal cases there are usually hemorrhages into the 
gastro-intestinal tract with vomiting of a bloody fluid, the passage of 
blood from the bowel, and anuria. Marked changes are produced in 
the blood in addition to the calcium alteration, there being an increase 
in its viscosity associated with a decrease in plasma volume; an increase 
in phosphates and in urea and non-protein nitrogen and a diminution 
in alkali reserve. At death the intestinal mucosa is found to be con- 
gested and the calcium content of certain tissues, especially of the 
heart and kidneys, is found to be greatly increased. 

The effect of the parathyroid hormone is not limited to the blood 
calcium. The inorganic phosphate of the blood is affected to an equal 
degree being decreased by an excess and elevated by a deficiency of the 
circulating hormohe. Normally the ratio of calcium excreted in the 
stool as compared to that in the urine is 4 to 1. In hyperparathyroidism 
excessive amounts of calcium and phosphate appear in the urine and 
there is a negative calcium balance; that is, the amount of this element 
which is excreted exceeds that absorbed from the gut. This excess 
calcium must come from the bones or from the soft tissues with the 
probability that it is the soft tissues which form the primary source and 
that they replenish themselves from the bones. Dogs may be maintained 
in a condition of mild hypercalcemia for weeks without any marked ill 
effects although during this time they must have suffered a considerable 
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loss of ca lcium from their bones due to the excessive excretion of calcium 
salts. 

Parathyroid extracts administered to young animals retard their 
growth and, given in excess, produce a resorption of bone, a decrease in 
osteoblasts and their change to fibrous tissue. These changes are fol- 
lowed by an increase in osteoclasts resulting in osteitis fibrosa Continu- 
ous administration may result in a reversal of the process leading to the 
so-called "marble” bone (Burrows, Jaffe). It is probable that the hor- 
mone leads to resorption of bone and inhibits osteoblastic activity, the 
osteoblasts disappearing with the appearance of the osteoclasts. ' 

The parathyroid glands are not only concerned w ith the increase in 
the calcium in the blood serum and in its application to the needs of 
the body, but also in maintaining the normal relationship between the 
calcium and phosphorus. There is in fact an inverse relationship between 
the blood calcium and the inorganic phosphate level In hyperpara- 
thyroidism, the latter is decreased; in hypoparathyroidism, increased. 
The normal amount of calcium in the blood serum of man is about 
10 leg. per 100 cc., while the average upper limit of inorganic phos- 
phorus is about 5 mg. per 100 cc. in children and about 3 5 mg. Tier 100 cc. 
in the adult. / 

Clinically one observes hypoparathyroidism following thyroidectomy 
or when for any reason atrophy of the glands occurs. Hyperparathyroid- 
ism is associated with certain tumors of the glands. In cases of hypo- 
parathyroidism associated with a lowered calcium content of the blood 
there is hyperexcitability of the nervous and muscular tissues which 
may progress to tetany, while in hyperparathyroidism there is depletion 
of the calcium content of the bones and on increased viscosity of the 
blood. Tumors of the parathyroids induce a variable picture. The out- 
standing symptoms may involve the neuromuscular system and rarely 
pronounced anemia may be the principal symptom of complaint. Most 
commonly, however, the bones are involved with generalized osteo- 
porosis, bone cysts, pathological fractures and the deformities seen in 
Von Recklinghausen's disease of bone {osteitis fibrosa cystica). Another 
frequent manifestation of hyperparathyroidism is recurrent renal lithi- 
asis, which is secondary to the excessive excretion of calcium phosphate 
m the urine. 

Therapeutic Uses.— The parathyroid hormone is & potent agent capable 
of producing dangerous symptoms so that when administered to patients 
its effect should be carefully controlled by frequent determinations of 
the blood serum calcium. A serum content higher than 12 mg. is not 
desirable while levels higher than 15 rag. may be dangerous. 

Parathyroid hormone is available in the form of an aqueous extract 
which is assayed by its capacity tq elevate the blood calcium of normal 
dogs One U. S. P. unit is one-hundredth of the amount of this extract 
required to raise the calcium level of 100 cc. of the blood serum 1 mg. 
within sixteen to eighteen hours. The hormone, protein, must 
be administered parenterally by the subcutaneous -or intramuscular 
routes Repeated administration results in an immunity or tolerance 
to the hormone. For thi« reason its use is limited to the early treatment 
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of acute tetany where it is supplemented by the intravenous injection 
of calcium salts (gluconate or chloride). The immediate effects of the 
calcium, which are very transient, are followed by the slower results of 
the extract. In this way the tetany may be controlled for a few days 
until the dietary and other measures used in treating the chronic dis- 
order are established. 

Dihydrotachysterol is the drug of choice for the control of chronic 
hypocalcemia. This substance is a synthetic product formed by irradiat- 
ing Ergosterol and is related structurally to synthetic vitamin D (see 
page 000), which also, when administered in large doses, causes an eleva- 
tion of the blood calcium. Dihydrotachysterol (or A. T. 10 as it was 
originally designated) is administered orally and unlike parathyroid 
extract does not lose its effectiveness on continued use. It too, however, 
must be used with caution since overdosage leads to toxic levels of blood 
calcium. Doses of 5 to 15 mg. are administered daily until the blood 
serum calcium reaches normal after which the dose is adjusted to main- 
tain tliis level. Dihydrotachysterol does not manifest its full effects for 
about a week to ten days. Hence the need for the intravenous calcium 
salts and parathyroid hormone during the first days of treatment of 
tetany. 

A high calcium, low phosphorus, high vitamin D diet is also admin- 
istered in chronic parathyroid insufficiency. Sucli dietary control alone 
suffices in mild cases to avoid tetany. 

Parathyroid extract has been used also in lead poisoning as both lead 
and calcium are stored in the bones and both may be mobilized by the 
hormone. In some cases of lead poisoning treated there lias been a 
marked increase in lead excreted, but the use of an acid-producing salt 
such as ammonium chloride is probably just as efficient and much safer. 
The extract has been tried as an aid in the healing of fractures, but it 
apparently has little or no influence here. It has been used in a number 
of other conditions in which there is abnormal calcification in an attempt 
to cause the solution of aberrant calciferous deposits. However, when so 
used, the calcium is released from the bones rather than from the sites 
involved. Dihydrotachysterol has also been used in pemphigus but its 
value in this condition is questionable. 

Preparations 

Injectio Parathyroidei (U. S. P.), parathyroid injection, a sterile solution 
in water of parathyroid extract. The available preparations contain usually 
100 U. S. P. units per cc. Dose, 25 U. S. P. units by intramuscular injection. 

REFERENCES * 

Borrows. Am. Jour. Anat., 62, 237, 1938. (Bone) 

Cantahow- Calcium Metabolism and Calcium Therapy, 2nd Ed., Philadelphia, Lea * 

Febiger, 1933. * 

Cotnip; Jour. Biol. Chetn., 64, 485, 1925. 

Collip, el al.‘ Brit. Jour. Exp. Path., 15, 335, 1934. 

Goadby. Biochem. Jour., 31, 1530, 1937. (Kidney.) 

- . , C_, tKW in OR O 101R 

. . . 373, Am. Med. Assn.. Chicago, 1935. 

' (Dihydrotachysterol.) 

. . ■ . ■ " 55, 695, 1932. (Bones.) , 



ADRFXAL CORTEX 


!>53 

Lchuk* Jour. Bio!. Chem., 127. ?H, 1939. 

Marios' Heitr . t. path. Anne., 100, 293, I93S. 

McCann. Jour. Am Med Ajiso., 88. 560, 1927. 

McJckkix. Tweedy and McNamara' Ara. Jour. Path , 33,325, 1037. (Kidney.) 
McLean. Barves and II a err nos Am Jour PiijeioL, 113, lit, 1935 
Shelling The Parathyroids, St. Louis, C. V Mosby Co . 1935 
Stewart and Percjval Biochcu. Jour.. 21, 301, 1927. 

Thomson and Coluf PhjsioJ Boy , 22, 309, 1932. 

V. ADRENAL CORTEX 

Brown-St quart! in 1S5G showed experimentally that adrenalectomy 
invariably resulted in death in the course of n fen • days, a finding amply 
confirmed by later investigators. Furthermore, it has been shown that 
death is due to the removal of tin* cortex rather than the medullary 
portion of the gland. Various measures of treatment of ndrcnalectomizcd 
animals were successful in prolonging life for only n matter of days. 
However, in 1930, after numerous partially successful attempts. Swingle 
and PfilTncr first prepared active cortical extracts which restored the 
normal metabolism of moribund udrcnafectomizcd animals, and on con- 
tinued administration prolonged life for an indefinite period. Such 
characteristic postoperative effect* as ga Mro-intestmaJ disturbances, 
muscular weakness and lethargy , lowered metabolism, lowered resistance 
to exposure to heat anil cold, hypotension, anhydremia, hypoglycemia 
end increases in blood phosphate and non-protein nitrogen were suc- 
cessfully combated by the extract. Subsequent workers improved the 
methods of preparation of active extracts and isolated a number of 
crystalline substances. 

Chemistry.— Our knowledge of the chemistry of the active principle 
of the adrenal cortex is still incomplete. Many crystalline substances 
belonging to the group of steroid* have Ihtii belated from cortical 
extracts. Most of these are inactive insofar as their capacity to replace 
the function of the gland in the cdrenalectoimzcd animal is concerned. 
Others exert a Very definite effect in maintaining the life of adrcnalec- 
tomired animals, or at Jcn'-t are capable of modifying one or another of 
the functions of the gland. For example, 17-hy dmxytwtico*-ter»ne and 
11-dehjdro-l “-hydroxy corticosterone are active in restoring the defect 
in carbohydrate metabolism mftnjffMed in adrenal cortical insufficiency, 
but exert no effect on the sodium retention J)r*oxy corticosterone, on 
the other band, affects tin- sodium retention but exerts no effect on 
carbohydrate imtal>«»b«-m However, im single romjRtund whose struc- 
ture has bte» ih termini d squall tn activity that of the extract from 
which it h obtained and it i* probable that the potency of an extract 
is the smmnatmn of th<* activity of tlie several cortical steroids jnt-sent, 
phis that of the hormone it»rlf 

The production of eortin-likc effects i«t not limited to pn duct.* which 
have Ihtii isolated from the adrenal cortex. as somewhat riinilar cffrcts 
are obtain* d by the tee of otl.tr substance Certain of the sex hor- 
mone*. for txample, aIm> affect the ‘odium and potawium excretion, 
and tl i reby may hair some effect in maintaining the hrahh of adrrijaf- 
tetfinuscd ommab !i» fact the administration of sodium chloride or 
gJur«isc may also, under certain conditions snlj'tiiufr for the hormone 
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and overcome the effects of adrenal cortical insufficiency. However, in 
all of these cases, the replacement therapy is not complete and cannot 
be maintained indefinitely as is the case when the hormone itself is used. 

Desoxycorticosterone.— The most important of the crystalline bodies 
derived from adrenal cortical extracts, is desoxycorticosterone isolated 
and^ synthesized by Reichstein. This compound because of its ready 
availability has assumed a place in the therapeutic management of 
adrenal cortical insufficiency. Desoxycorticosterone as seen in the 
accompanying formula is an allopregnane derivative related to pro- 
gesterone (page 570). It is prepared commercially from stigmasterol, 
one of the sterols widely distributed in plants and prepared commercially 
from soya beans. 


CH, 



Desoxycorticosterone is a white crystalline substance insoluble in 
water. It is marketed in the form of its acetate dissolved in oil for 
intramuscular injection, in propylene gb'col solution for sublingual 
administration or in the form of pellets for implantation. It is much 
less active per unit of weight than highly purified concentrates of adrenal 
cortical extracts nor does it completely substitute for the naturally 
occurring hormone, lacking, for example, the capacity to remedy the 
defect in carbohydrate metabolism manifested in adrenal insufficiency* 
It is thus incorrect to refer to desoxycorticosterone as the Hormone of 
the gland. However, it is capable of prolonging the life of adrenalec- 
tomized animals. Because of its ready availability and the fact that 
the available extracts derived from glands are expensive and of low 
potency, desoxycorticosterone acetone is widely used in the treatment 
of adrenal cortical insufficiency in man. 

Desoxycorticosterone differs also in its effects from concentrates of 
extracts derived from the adrenal glands in that it manifests certain 
toxic effects not exerted by the latter. When administered in excessive 
dosage in the normal as well as in adrenal insufficiency, it induces an 
abnormal retention of sodium and water in the body with edema, hyper- 
tension, and cardiac dilatation. 


tion and maintenance of the volume of the circulating blood, anu ma*- 
in its absence fluid is lost from the circulation by capillary transudation, 
the other effects following secondarily. They ascribe the lessened volume 
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ot blood to a loss of capillary tone with resulting dilatation, stasis and 
circulatory stagnation. According to them, therefore, the hormone is 
concerned with the maintenance of capillary tone and in the regulatory 
control of volume capacity of the circulatory system. Britton and 
Silvette stress the fact thht hormone is necessary for normal carbo- 
hydrate metabolism and believe that hypoglycemia and a marked de- 
crease of muscle and liver glycogen results in the characteristic picture 
of adrenal cortical insufficiency. On the other hand, due to the wide- 
spread physiological changes in this condition and a suggested relation 
to gonadal function, Hartman nnd Ins associates prefer to characterize 
it as a general metabolic hormone. 

The cortical hormone is involved in the metabolism of sodium chloride; 
after adrenalectomy the rate of sodium excretion through the kidney 
is increased with a resulting decline in concentration of sodium, chloride, 
and bicarbonate in the blood serum. With the loss of sodium there is 
an increased loss of water, leading to a condition of dehydration and 
lessened blood volume, a lessened rate of blood lion and essentially 
what amounts to a state of shock. This disturbance in sodium metabo- 
lism is also seen in patients with Addison’s disease, both in the effects 
of the withdrawal of an adequate amount of salt nnd in the beneficial 
effects of adding it to the diet. Wilder, Power and Cutler have diown 
that adrenalectomized dogs excrete excessive amounts of sodium nnd 
chloride and retain potassium, and that the administration of potassium 
will provoke an increased excretion of sodium and chloride and precipi- 
tate adrenal crisis. The «\ crape value of mkIiuiii in the plasma in 
Addison’s disease i3 lower than that for norma! subjects and the same is 
true for plasma chloride. The urinary sodium mid chloride i* con- 
siderably increased over the normal, a condition which is all the more 
remarkable in view of the lowered concentration of these substances 
in the blood. 

Kone of the above mentioned theories will adequately account for 
the deficiencies observed in adrenal insufficiency'. It is most likely that 
the hormone is essential for some very basic reaction in the organism 
and that in its absence many physiological rarclianr'in* arc rendered 
abnormal. By' remedying one or another of then* define rick"-, it is |k<s- 
sible, according to this view, to compensate only in part for the hor- 
monal deficiency nnd not entirely as would Ik? the cn*e if tins were the 
fundamental deficiency involved. Confirmatory of this view W the fact 
that administration of saline will often revive animals and human 
patients in n state of shock secondary to the l<*ss of blood \ olumr, nnd 
administration of glucose will do the same where by {*>g!> crinia p the 
presenting symptom However, neither of the?c sub'tancw will indefi- 
nitely replace the hormone. ... . , 

Grollmnn has shown that while cortical extracts will replace the 
hypoglycemia of ndrenalcctomized animals and maintain n normal U %e| 
of car! >ol) yd rate, these extracts do not induce hyperglycemia in normal 
animals as is the ca^e following the injection of certain of the steroids 
isolated from adrenal extracts. , _ - .. , 

In connection with the weakness and fatigability so diaracterotie of 
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Addison’s disease, Missiuro, Dill and Edwards have studied the effect 
of cortical extracts upon the performance of work in the normal human 
subject. They found that small doses had little effect in resting subjects, 
but that the efficiency of the performance of easy walking was increased 
for some days after the period of injection. The most characteristic 
change seen in severe work was the earlier return to normal of the blood- 
pressure. This was true of both systolic 'and diastolic pressures. 

Unlike certain other hormones there is no evidence to indicate that 
the adrenal cortical hormone is toxic when administered in moderate 
overdosage, the exoess being apparently excreted in the urine. This is 
hot true of desoxycorticosterone. The pathological changes in the repro- 
ductive system observed in the so-called adrenogenital syndrome is 
apparently due to the elaboration by the gland in this disorder of 
androgenic compounds and not of an excess of the normal hormone. 

Therapeutic Uses.— The pathological involvement of the adrenal glands 
in Addison’s disease and the similarity of this syndrome to the findings 
following experimental adrenalectomy have led to the use of adrenal 
cortical extracts as well as the other substances found to be of value in 
prolonging the life of adrenalectomized animals in the treatment of this 
condition. Beneficial results have been produced in seriously affected 
patients and a definite prolongation of life has been reported as a result 
of such treatment. Ideally it would be desirable to treat the disease by 
the liberal use of the naturally occurring hormone present in adrenal 
cortical extracts. However, although several of these are available 
commercially, their expensiveness and the fact that they contain only 
small amounts of the hormone renders their wide use impracticable. 
For this reason except in the acute stages of the disease as in the so-called 
Addisonian crisis where liberal amounts (50 to 100 cc.) of the extract 
are administered intravenously, one must rely upon the use of sodium 
salts and desoxj’CorticosteroTie in the treatment of the chronic stage 
of the disease. 

One of the chief deficiencies suffered by the patient with Addison's 
disease is the loss of sodium chloride from the body with the incidental 
loss of water, a decrease in blood volume and tissue fluids which may 
lead to s hock an d-collapse. In addition there is an increase in the potas- 
sium and urea contents of the blood and sometimes a drop in the blood- 
sugar level sufficient to induce hypoglycemic reactions. The admin- 
istration of sodium chloride either intravenously when necessary in 
crisis or orally in doses of 10 to 15 grams daily in chronic cases is thus 
an important adjuvant form of therapy. Since the loss of chloride from 
the body is less than that of base, it is preferable to give a mixture of 
two parts of sodium chloride to one of sodium bicarbonate or citrate 
(for example, 10 grams of sodium chloride plus 5 grams of sodium 
bicarbonate, daily). The exclusion of foods high in potassium content 
(for example, potatoes) and the use of a high carbohydrate diet is also 
advisable. _ . 

Where simple salt therapy as just outlined does not suffice to control 
adequately the symptoms, desoxycorticosterone is also administered. 
When this drug is used, attention must be given to avoid the toxic 
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effects already noted which may prove fatal to the patient. One plan of 
treatment (Thorn) is to start with 6 to 8 grams of sodium chloride daily 
and X to 5 mg. of d esoxycor t ico sterone acetate intramuscularly once 
daily, depending upon the severity of the case. The dose is then adjusted 
to the requirement of the patient. A weight gain of more than 0.3 kg. 
daily is indicative of the accumulation of edema fluid and hence of over- 
dosage. A rise in blood-pressure above normal is also evidence of begin- 
ning toxicity. 

t)esoxycorticosterone may also be implanted in the form of pellets 
but before this is done careful metabolic studies are necessary to deter- 
mine the number of pellets and the daily salt intake required. 

In patients who respond well to the injection of potent cortical extracts 
or other forms of therapy, there is a disappearance of anorexia and 
vomiting and the development of a feeling of hunger. There is an 
increase in energy and relief from fatigue, and improvement in sleep, 
an apparent decrease in pigmentation, and a gain in weight. There is 
an elevation of body temperature, some elevation of blood-pressure, and 
in general a greater or lesser degree of rehabilitation. Not all patients 
will respond equally well to the effects of the extract, ns some will be 
suffering from some primary disease, possibly tuberculosis, to which the 
adrenal condition may be secondary. Then, too, Irreparable damage 
may have taken place in other organs before the extract was admin- 
istered. While, therefore, cortical extracts arc often of great benefit 
in Addison’s disease, each case is a separate problem am! requires indi- 
vidual consideration, depending upon the severity of the niptoim and 
the existence of possible complications. In a certain number of failures 
the trouble may have been due to the use of a weak extract or to insuf- 
ficient dosage of a potent preparation. 

The extract has been tried in a number of other conditions such as 
pernicious vomiting, pemphigus, neurasthenia, asthma, and acute 
infections, such as diphtheria, but with little avail, and, indeed, a 
scientific basis for such uses is lacking. Its value in patients with severe 
burns, in surgical shock and in the It 'aierhouac-Fridcrichren Syndrome 
is not proved, although in the last named condition its administration 
would appear to be rational 

Some success has attended the use of concentrated extracts admin- 
istered orally. Such extracts when accompanied by adequate amounts 
of sodium chloride base been used to a limited extent for maintenance 
of patients, but unfortunately the available oral preparntjons arc of 
relatbclj slight potency Deoxycorticosterone is nbo effective orally 
in the ndrenaleetomized animal and may he used clinically by sublingual 
administration 

Adrmal Medulla —Epinephrine or adrenaline is obtained from the 
medtiHarj portion of the adrenal glands Since the action of this sub- 
stance b s\ mpathomimctic, it is discussed under that heading (page -ISo). 
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VI. INSULIN 

In *1889, v. Mering and Minkowski showed that the removal of the 
pancreas in animals gave rise to symptoms identical with those of 
diabetes mellitus in man, and attempts were subsequently made to 
obtain an extract of pancreas which might be of benefit in this disease. 
Success was attained in 1922 at the hands of Bantinfc and Best, who 
obtained a preparation which was named insulin, since it is derived from 
the Islands of Langerhans in the pancreas, and not from the general 
parenchyma of the gland. 

Chemistry. — Insulin was first obtained in crystalline form by Abel 
and his co-workers in 1927 by adding dilute alkali to highly purified 
commercial extracts in a strongly buffered solution. Adaptations of 
this procedure make it possible to prepare the hormone in crystalline 
form on a commercial scale. Crystalline insulin is a typical protein. 
Cystine, tyrosine, leucine, proline and glutamic acid are present in 
amounts from 10 to 20 per cent each, while arginine, histidine, lysine, 
phenylalanine, threonine, leucine and serine have been found in smaller 
amounts. The total amount of sulfur (3.3 per cent) in the molecule 
probably exists in disulfide linkage as cystine. Prepared from various 
sources and by different methods, crystalline insulin has a constant 
potency of 24 units per mg., indicating that the active principle is the 
whole product rather than a smaller chemical group adsorbed on a 
protein-like molecule. Such preparations derived from different animal 
species are also immunologically identical (Washerman and Mirsky). 

Scott established the fact that crystals of insulin contain zinc and 
that the addition of a zinc salt to amorphous solutions of insulin aid 
greatly in the formation of insulin crystals. In the same manner it 
was found that salts of cobalt, cadmium and nickel had a similar effect, 
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although the zinc salt was most effective. In this connection it is impor- 
tant to note that zinc is found normally in the pancreas. It is probable 
that the various metals form salts of insulin and the microscopic appear- 
ance of the crystals is the same no matter which metallic salt is used 
to aid crystallization. Zinc insulin crystals contain 0,45 to 0.9 per cent 
of zinc and have a potency of 22 insulin units per milligram. The 
crystals contain from 0.2 to 0.4 mg. of zinc per 1,000 units. 

Studies carried out to determine the effect of the presence of the 
metal upon the action of the insulin showed that when measured by 
the effect upon mice, zinc insulin solutions showed only 40 per cent of 
their original activity when they contained 0.02 per cent of zinc chloride. 
With such solutions the onset of convulsions in the mice was much 
delayed, suggesting that, the action of the insulin was perhaps not actu- 
ally lessened but was only delayed. Experiments upon rabbits con- 
firmed this view, as it was found that the level of the blood sugar was 
lowered very gradually and was still well below normal at the end of 
ten hours, as contrasted with the original insulin w here the blood sugar 
was practically normal in ten hours. The symptoms of hypogl)cemia, 
such as convulsions, were also less marked, but the total glucose metab- 
olized was approximately the same with the two solutions Insulin is 
destroyed by pepsin as well as by trypsin and it is very readily precipi- 
tated in a state of adsorption when any of the protein precipitants arc 
used. It is soluble in SO per cent but not in 95 per cent alcohol. It is 
rapidly destroyed 'by alkali, but is more stable in arid solution. Insulin 
proper is found only in vertebrates including Several varieties of tidies 
where the islets are presenj. as .separate* Codies distinct from the acinar 
tissue of jhc pancreas. The claim that a similar substance (glucokinin) 
exists in plants is not correct. The hypoglycemic effects of the latter 
substances result from their toxic effects on the liver. They should 
obviously, therefore, never be used in treatment as substitutes for 
insulin. 

Action. —Insulin has no apparent effects when given by the mouth, 
since it is destroyed by the digestive ferments. Injected subcutaneously 
in the rabbit, it causes a remarkable fall in the sugar of the blood from 
the normal of 0.12 per cent to 0.05 or 0.03 or Jess. Wien only 004 
to 0.05 per cent of glucose is present, the animal becomes restless, and 
soon clonic convulsions with rotation of the body s$t in, resembling 
the convulsions under cocaine. The respiratory quotient rises, indi- 
cating an increase in the consumption of sugar. The convulsions can 
be arrested at once by the injection of glucose, so that they arc obviously 
due to its deficiency in the blood and not to any direct action of insulin 
on the nervous centers. 

Not only the sugar of the blood and tissues is destroyed, but the 
glycogen of the fiver and muscles is drawn upon and may disappear 
when the convulsive stage is reached. 

In diabetic animals and patients, the injection of insulin is followed 
by a rapid fall in the sugar of the blood, the disappearance of glucose 
and of acetone bodies from the urine, and general improvement in the 
symptoms of the disease. There is an increase in weight and in strength. 
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a lessened polyuria and a diminished thirst. The dryness of the hair 
disappears and skin infections clear up. In man a hea’thy appetite 
returns and the mental attitude of the patient improves wonderfully. 
Most patients can return to work and in place of depression and despair 
there .is mental alertness and a feeling of cheerfulness and of hope. As 
the insulin is consumed in the tissues, the symptoms return, and in 
order to maintain the normal condition a new injection is necessary. 
After a large injection, symptoms due to hypoglycemia are seen in 
man as in the rabbit, the severity of the symptoms in man depending 
upon the extent to which the blood sugar has been lowered. With a 
sugar content of about 0.0S per cent the patient may experience a vague 
sense of uneasiness and nervousness with a feeling of impending danger. 
There is an increase in pulse-rate, dilatation of the pupil, and a mask- 
like appearance of the face. With a blood sugar of 0.055 to 0.07 per 
cent there may be a feeling of anxiety and faintness, profuse sweating 
and incoordination. If the sugar is reduced still more (below 0.04 
per cent) there is aphasia, disorientation, delusions and mental con- 
fusion and possibly coma and death. The symptoms due to hypo- 
glycemia are rapidly relieved by the administration of glucose given 
by mouth, or if necessary by intravenous injection. Epinephrine is 
often effective in an emergency but its action is not so certain as it 
depends for its effects upon the supply --of glycogen in the liver and as 
this may be present in only small amount^t'is wel^Jogive^glucose at 
•the sam# time the epinephrine is administered. In the lessTsevere symp- 
toms dtieTdliy^oglycemiii ladder measures are usually sufficient. Fre- 
quently one-half an orange wTlFfttf founftjgf^tivp, but if the condition 
has progressed so as to produce sweating, the orange f is nbt^ufficient 
and one or more tablespoonfuls of corn syrup may be indicated. 

The Mechanism of Action of insulin is not known. It was originally 
believed that the hormone was essential 'for the utilization of carbo- 
hydrate and that in its absence this foodstuff could not be metabolized. 
However, following hepatectomy in the depancreatized animal, the blood 
sugar declines from its hyperglycemic level, indicating that even in the 
absence of insulin combustion of carbohydrate occurs. To what extent 
and how insulin deficiency interferes with the normal oxidation of 
carbohydrate is uncertain. It is evident, also, that in diabetes there is 
an excessive breakdown of protein and fat as well as a failure of normal 
deposition of glycogen in the muscles and liver. The excessive break- 
down of protein results in the formation of glucose, which helps to 
maintain the hyperglycemic level of the blood and is also responsible 
for the rapid loss of weight often seen in the diabetic. The excessive 
oxidation of fat leads to flooding of the blood and tissues with ketone 
bodies, which also appear in the urine and give rise to the observed 
ketosis and acidosis. 

Therapeutic Uses.— Insulin has provided one of the most dramatic 
therapeutic agents available to the physician. The use of insulin m 
diabetes has had brilliant results; replacing as it does the internal secre- 
tion of the pancreas as long as it is supplied. Unfortunately this neces- 
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The duration of the effect of protamine insulin is much greater than 
that of regular insulin, its maximum effects coming on between ten and 
forty-eight' hours after its administration depending upon the dosage 
used. Globin and histone insulin arc intermediate, as regards their 
duration of action between “ regular” or crystalline and protamine insulin. 

The prolongation of action manifested by the modified forms of 
insulin makes possible the control of the diabetic with fewer injections. 
By administering, for example, a single injection of a mixture of “regular” 
and pTotnm'} no zinc insulin before breakfast, it is possible in some patients 
to maintain a relatively normal blood-sugar level throughout the day 
and avoid periods of hyperglycemia and hypoglycemia. 

Zinc added to the various forms of insulin also greatly prolongs their 
hypoglycemic action. They are therefore marketed in combination with 
this metal. 

The use of small doses of insulin has been suggested to improve the 
appetite in undernourished individuals and thus increase their food 
intake. However, it is possible that whatever improvement is made 
is due, in part at least, to psychic effects rather than to the insulin, and 
in any case it must be understood that insulin is merely an adjunct in 
the treatment, insulin is also used ns n convulsive in the treatment of 
certain psychiatric disorders. 

Dosage.— Insulin is supplied in solution suitable for injection. The 
potency of the solution varies from 10 to 100 units per cc., the unit 
being the activity contained in 0.125 mg. of an international standard 
powder (8 units per mg.). No definite dosage can be given for insulin, 
as each case must he treated individually, hut the average daily dose 
for diabetic patients is about 30 units (Joslin). In cases of diabetic 
coma or severe acidosis larger doses of insulin arc indicated, accom- 
panied by definite amounts of dextrose, so that the patient will not 
become hypoglycemic. Insulin is assayed by comparison with the 
standard either bv the convulsive dose in mice or by the average blood 
sugar decrease in rabbits over a five-hour period following injection. 

Preparations 

Injectio Insulin (U. S. P.), insulin injection, an acqueous extract standard- 
ized so that each cc. contains 20, 40, 80 or 100 U. S. P. Insulin Units, ibe 
U. S. P., Zinc-Insulin Crystals, is used as a Reference Standard for the assay. 

Inbulinum (B. P-). . , . „ 

Injectio Insuuni Pbotaminati cum Zixco (B. P.), injection ot protamine 
zinc insulin. Dose, by injection and determined by physician in accordance 
with needs of patient. 
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AUoxan 

This substance which Is derived by oxidation of uric acid is of interest 
in experimental physiology because of its remarkable property of induc- 
ing diabetes mcUitus when administered to the experimental animal. 
HN CO 

oA Ao 

nil* Ao 

Alloxan 

Following its injection there is a rise in the blood sugar which is followed 
by a reduction below' norma! and which in turn is again followed by 
hyperglycemia. The initial rise in blood sugar is probably due to a 
direct action of the drug on the liver. The hypoglycemia which follows 
the initial rise is not due to the liberation of insulin as formerly believed 
but is probably an extra-pancreatic effect due to the inability of the 
liver to produce glucose (Houss.ay, ct ah). The drug causes destruction 
of the beta cell* of the islets of Langerhans and thus gives permanent 
diabetes which is responsible for the final permanent rise in the blood 
sugar. The drug is toxic and undoubtedly affects other tissues than 
the liver and pancreas. 

Alloxan has been used clinically in an attempt to depress the activity 
of the islet tissue in patients vi ith carcinoma of the islet cells Its toxicity, 
however, precludes its use in therapeutics for this purpose. The principal 
interest in the compound is its capacity to induce diabetes without 
necessitating pancreatectomy. 
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vn THE SEX HORMONES 

The complicated processes which govern the manifestations peculiar 
to sex have been greatly clarified in recent years by the study of the 
hormones involved in reproduction. 

The hormonal agents which act upon the reproductive system com- 
prise two general groups. (X) the gonadotropins; and (2) the sex hor- 
mones. The former act directly on the gonads which are stimulated 
to secrete their own hormones which in turn affect the remainder of the 
reproductive system. The sex hormones proper are elaborated by the 
gonads and exert their effects on the accessory organs of reproduction 
as well as on the secondary sex characters. 

The sex hormones may be divided into; (I) the female sex hormones 
which comprise the estrogenic and progestational hormones; and (21 
the male sex hormone. 
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1. The Gonadotropins 

The gonadotropins (gonadotrophins) or gonadotropic hormones as 
they are also designated are of two general types: (1) those derived 
from the anterior lobe of the pituitary (c/. page 527); and (2) those 
elaborated by the chorionic tissue. These two general types of'gonado- 
tropins differ from one another in their action and the chorionic gonado- 
tropins in turn vary in action depending upon the source from which 
they are derived. 

The pituitary gonadotropins have been used to a much lesser extent 
in medicine than the chorionic gonadotropins which are much easier 
to prepare in a form suitable for injection. The presence of a chorionic 
gonadotropin in the urine of human pregnancy is responsible for the 
stimulation of the ovary which is the basis for various pregnancy tests. 
In the horse, the chorionic gonadotropin is not excreted in the urine 
but is present in high concentration in the blood serum. In certain 
respects this equine chorionic gonadotropin resembles in its action more 
closely the pituitary gonadotropin than does the gonadotropin of human 
.pregnancy urine. It with human chorionic gonadotropin and pituitary 
gonadotropin constitute the three types of this hormone which are 
commercially available. 

The gonadotropins are protein-like in nature and hence must be 
administered parenterally. They exert a stimulating effect on the 
gonads and hence are only effective if the gonads are present and capable 
of responding to stimulation. However, the stimulation induced is not 
of a simple nature nor does it duplicate the activity of the organ which 
occurs normally. Consequently the usefulness of the gonadotropins 
has been limited. It is doubtful for example if their administration in 
the human female results in simple ovulation such as occurs following 
their injection into the lower animals. 

The principal use of gonadotropic extracts is 'in the treatment of 
cryptorchidism. In this condition, the injection of the hormone results . 
in the descent of the testicles if no anatomical hindrance is present to 
prevent it. The chorionic gonadotropin of human pregnancy urine may 
be used for this purpose, being injected intramuscularly in doses of 
200 to 500 international units two or three times per week for a period 
not exceeding* six weeks. The international unit is 0.1 mg. of an arbi- 
trarily accepted standard preparation maintained at the National 
Institute of Health. 
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2. Female Sex Hormones 

Since the early years of this century it has been known that the 
ovary and the corpus luteum, which appears following ovulation, secrete 
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hormones which arc essential for the normal development of the female 
reproductive system. These tiro distinct hormones, the estrogenic and 
progestational, constitute the female sex hormones. In 1922 Frank 
discovered that the liquor follicuti contained an active substance which 
produced effects similar to that of the ovary. Discovery of a method of 
determining the activity of the extracts through changes they produce 
in the vaginal mucous membrane of rodents furnished an important aid 
in the study of the problem. In 1929 the first crystalline estrogenic 
compound was isolated from urine by Doisy and his co-workers, and 
was shown to he identical with the active principle of liquor folliculi. 
In the years immediately following this important discovery other 
crystalline bodies were isolated from the urine of pregnancy or from 
ovarian tissue until a number of crystalline substances possessing 
estrogenic properties have been prepared. 

Chemistry.— The naturally occurring estrogenic substances are ster- 
oidal compounds. The pri ncipa! ones occurring in the human are estrone 
or thcclin, estriol and estradiol: 




CuHttOj 

As shown in the accompanying formula; these compounds possess an 
unsaturated ring, an angular methyl group at Carbon 12 and ketonic 
and hydroxyl groups in the 3, 16 and 17 positions of the perbydro- 
pentano-phenathrene nucleus. Since estradiol is the most potent of 
the naturally occurring estrogenic compounds it is believed to be the 
primary hormone. It is the dihydro-derivative of estrone into which 
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it is largely converted in the body. In addition to estrone, estriol also 
appears in human urine, both compounds being excreted largely as 
esters of glycuronic acid. The ovarian hormone, estradiol, exists in two 
isomeric forms— the alpha form, which is very potent, and the beta, 
which is almost inert. There is also a great difference in the relative 
activity of estrone and estriol, the former being much the more potent 
when injected, while the latter retains considerable activity even when 
administered orally. 

The naturally occurring estrogenic compounds are derived principally 
from the urine of pregnant mares, which also contains a group of com- 
pounds— equilin, hlppulin, equilenin, etc.— having two unsaturated rings 
as in naphthalene. An amorphous concentrate of the estrogen is 
marketed under various trade names in addition to the pure crystalline 
compounds— estrone, estriol and estradiol. Estrone is relatively inactive 
when administered orally. However, its sulfuric acid ester manifests 
activity following oral administration, and several preparations of 
amorphous concentrates of pregnancy urine or placental tissue, which 
consist principally of estrone sulfate, are prepared commercially for 
oral use. 

' Estriol is also available for clinical use in the form of its glycuronide 
which is active only when administered oralty. 

, Estradiol is also marketed in the form of its benzoic acid ester in 
which form its activity is greatly enhanced. Its ethinyl derivative is 
also more active orally than is the parent substance, and this compound 
is available commercially. 

Synthetic Estrogens.— The naturally occurring estrogenic substances 
have been displaced in therapeutics to a large extent by a number of 
cheaper synthetic compounds which exert the same biological effects 
as*do the naturally occurring hormones. The most important of these 
synthetic compounds is diethylstilbestrol, the estrogenic activity of 
which was discovered by Dodds and his co-workers in 1936. This com- 
pound has the structure: 


C,H, 



C*H& 


and is the diethyl derivative of paradihydroxystilbene. 

Among the several derivatives of diethylstilbestrol which are oso 
used clinically may be mentioned hexestrol, its dihydrogen derivative, 
benzestrol which contains an extra ethyl group, and monomes ro 
(mestibol), the monomethyl ether of diethylstilbestrol. 
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These dcmatives of dicthylstilbestro! arc c/aiiud! to induce fewer 
side reaction x but are al^o less potent than JjetM Miffo-simf nm{ hence 
must he used in greater dosage t*» induce the same effects. Although 
superficially, flictiijhtiJJiftltuJ and its derivalivrw appear in bc.tr Utile 
rvfation-Irip to the naturally occurring estrogen*. the former arc con. 
verted in the !x»dy to the latter and hence exert the same action «. The 
cheapness with which they may he prepared and their rfTert»\me<* 
when fldminiatered orally gives the «y nthetie compound* an ndv, wtngr* 
for clinical u-c over the more expensive, naturally occurring compounds. 
They arc available in tablet form for oral administration and oho in 
solution far injection. Uoncvcr, only rarely h their p.irvntml c Inin- 
istration indicated. In order to retard the rate of their absorption 
both the naturally occurring estrogens and the synthetic preparations 
are available in the forms of esters such as estradiol lienroate, diethyl- 
stilbestrol dipropionatc, etc. 

Physiology. — The estrogenic compounds art ns stimulm!* to the 
accessory reproductive organs, producing hyprrtmphy of the ntmi* 
and cervix, and increased grr>« lb of the duets ,>/ r/jt- unwmiry gland' 
They are responsible for the contractility of the uterm and for it* 
sensith fly tooxytocics. Tullcming castration the *eo»ud.iry reproductive 
organs atrophy nnd the rhytlimic changes which chimrfrnre r’tru» 
cca<e. Tlie injection of r*lrogcnic compound* in the cn-trate will 
restore the atrophic organs to their r>onml st.itr. n* well n* the rhytf ini'* 
changes of the psfrmji cy vie 

'the estrogenic hormones arc re**;x/n*lMe for errt.nn v-nwdiM "t 
characteristics in tlie female, such a« the plumage marking* of N>me 
bird* and the -exual swellings of baUmii* and rhangr* m the *e»u.xl iUr 


of Millie of the monkeys They will al*« product r»Ttam fried- c! ar- 
aeten-tirs tn the development of the gomds in male nnb-yo* 

'Hie anterior lobe of t/ic pituitary gland l.as n \cr\ it i|« rtai.t frliti :i 
to the fr product he organ* through the action «>f it' fond •tiwuhti-g 
factor which promotes the growth nod maturati. n < f t 1 - i.iarim /.>!* 
Ijcle*. which m turn s-vrrtr the e»trogrn»e hi rm>r.«- Ti s* I < rm- i* 
prolnbly produced by the wll» of tl " flrc.t n.trr j.a. and tl * »•* 

action brings «!*>»! the changes «n th- «m-«-o-y rrp*t.}', tne I'.th 
wltich !i.wr l--rn de*mM A* the IoI.Wjj- h-rr> '5- »'» 

quantity m the bh*«d if m turn arf* «p>'i t! e ar u*s - I ?•- < ! tl - f-'«- 
itary. inhibiting the p-idiMi -r» of tl +■ g-mvl ’ts-.'.Utsr? h<ri **- a"-' 
th-rrby J/-"eni;jg lb- *Ji:nuUti >n of t! e Tl *re 1* U n jew 
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duced a regular cycle of alternate activity and quiescence on the part 
of the pituitary and of the ovarian follicles. In addition, the luteinizing 
hormone of the anterior lobe of the pituitary causes luteinization of the 
ovarian follicles with formation of the corpus luteum. This structure 
in addition to an estrogenic hormone secretes a hormone, progestin 
(later named progesterone) which acts upon the endometrium, inducing 
secretory changes preparatory to nidation. This hormone, which is 
described in greater detail later, is essential to nidation and also for the 
maintenance of pregnancy. It also stimulates the growth of the alveolar 
tissue of the mammary’ glands developed under the influence of the 
estrogenic hormones. 

The progesterone is produced by the ovary only through the third 
month of gestation, after which time the placenta takes over its produc- 
tion. The placenta also produces large amounts of estrogenic hormone 
as well as the chorionic gonadotropin (cf. page 564), and hence this 
tissue assumes an important role in the elaboration of these sex hor- 
mones. Progesterone is found in the urine of pregnancy and during the 
corpus luteal phase of the cycle in the form of pregnandiol. 

The excretion of estrogen in normal menstruating women is irregular, 
varying from day to day, although the curve of excretion shows two 
peaks during the normal menstrual cycle. The first of these is in the 
mid-interval, between the tenth and nineteenth days corresponding to 
the period of greatest follicular growth and ovulation. The second 
period is often inconstant in its appearance but usually occurs in the 
week prior to menstruation, and probably corresponds to some phase of 
corpus luteum activity. Following this peak there is a sharp fall in the 
curve of excretion followed under normal conditions by the onset of 
menstruation. During pregnancy there is a gradual rise in the level of 
excretion starting in the second half of the second month and contin- 
uing until the time of labor, after which the curve of excretion falls to 
normal in a few days. 

Injected estrogen is almost entirely destroyed in the liver; only a 
very small amount, 3 to 12 per cent, can be recovered from the urine. 
Injected intravenously into dogs, 90 per cent of the amount disappears 
within a very few minutes. 

Therapeutic Uses.— The estrogenic compounds find their main value 
in cases where there is a deficiency of these substances, as in cases where 
the ovaries have been removed or possibly at the time of the norma 
menopause. In some of these latter cases with vasomotor disturbances 
the results of the administration of estrogenic products have been 
favorable, but it must be recognized that in many such patients t e 
psychic factor involved has not been ruled out and equally good resu 
could have been and often are obtained by non-specific medica io^ 
alone. Moreover, the value of the estrogenic compounds in the Kieno 
pausal syndrome depends probably on the suppressive effects o 1 
hormone on the pituitary rather than as a substitute for the norm . 
ovarian deficiency. These substances have also been used in ceI \ a 
forms of amenorrhea and dysmenorrhea, but here, too, the 
obtained are by no means convincing as proving their value in 
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conditions.^ Insofar as the first-tnontioued condition is concerned, it 
may be said that from the physiological standpoint it would not I>e 
logical to expect them to be of value, for while c'trogenic substances 
produce c&trus in animal-*, the factors responsible for estrus and thi«e 
producing menstruation are quite different. Tims the continued admin- 
istration of estrogens results in budding up of the endometrium. About 
a week or ten clays after cessation of estrogenic therapy, bleeding occur*, 
but this does not constitute normal menstruation. E-trogen docs not 
stimulate the ovary it'-clf, but acts merely a*, a substitutional product 
which would be active only so long as it is administered and therefore 
would not be expected to establish a normal men'trual c\ cle. 

In gonorrheal vaginitis of children the result* of the administration 
of estrogenic substances base been more favorable 'Hie hnpnn cm cut 
often seen is ascribed to changes produced in the vagina, the mucosa 
of which changes temporarily to the adult type with partial corni/ica- 
tion. The secretions instead of being alkaline liewmc acid ami under 
these conditions the gonococci d/ s ap;car. lor this purjxise estrogen 
is usually given in vaginal gh cerin-gvlatin supjxvdtories. Some changes 
in the secondary sex organ* may follow this treatment if it is too pro- 
longed, but they usually subside wh<n the treatment is stopped. How- 
ever, in \ iew of the effectiveness of the ehcmothorajx otic agents (sulf.i- 
thinzole, penicillin) these ha'c displaced the estrogens jn the treatment 
of juvenile vaginitis The estrogens ntv mod in thh mm lit ion in ca«c« 
not responding to chemotherapy , or a* an adjuvant in treatment. 

Senile vaginitis is frequently fx-wfited by the estrogenic hormone. 
The murosa return* to the normal type seen during normal ?rx activity, 
and there i* relief from the burning and pmriUi\ common to the n»n- 
ditiim. In this condition the estrogen* are Ik^I administered a* vaginal 
suppositories. They arc aho u*od in vi tnuchohlrm toftimuhtc grow th 
of tiie breast?, living applied by inunction into the skin over thohrea't* 
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(EsrflADiOLis Monobenzoab, cestradiol monobenzoate, dihydroxycestrm 
monobenzoate, C m H m O,, «-3 :17-dibydroxy-A l : s . ,s -a?stratriene-3-benzoate. 
Dose, subcutaneously or intramuscularly, 0.0001 to 0.005 gram (1,000 to 50,000 
units). 

STiLBffiSTROii, dietbylstilbcestrol, 4 :4'-dihydroxj--« :/?-diethyIstiIbene. Dose. 
0.0005 to 0.002 gram. • 

Tabeli^e Stilbcestrous, tablets of stilbcestrol. Dose, 0.0005 to 0.002 gram. 
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Progesterone— the Hormone of the Corpus Luteum.— As already 
indicated the corpus luteum which appears following ovulation secretes 
a hormone with important physiological actions on the uterus, its 
adnexte and the mammary glands. The most active principle which 
has been isolated from corpora lutea is progesterone, a compound having 
the formula: 


Progesterone 

C*H„0, 

Progesterone is prepared synthetically from stigmasterol. Amorphous 
concentrates derived from corpora luteal tissue, which possess P r ?? es » a 
tional activity and are designated as “progestin,’’ are also available o 
clinical use. These preparations dissolved in oil are all administer 
parenterally. 

A third preparation— ethinyl testosterone or arihydro-oxyprogestero 

possesses progestational activity and is marketed for ora! adminis r 

Therapeutic Use.— Experimental experience would seem to indicate 
that progesterone or other preparations manifesting progestational ® , 
ity might be useful in cases of sterility or of habitual abortion 
are due to fact of this hormone. It might act either by quieting ^ 
contractions of the uterus or by acting on the mucosa of the u er 
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as to make it favorable for nidation. It has ah> been tried in menor- 
rhagia and m metrorrhagia, inasmuch as in certain forms of uterine 
hemorrhage produced experimentally it has keened the Weeding. Such 
use in the clinic would for the present he of an exjH'rimcntal character. 
It is claimed also to lessen the pain in threatened abortion and aim in 
dysmenorrhea, and any such action would probably he due to its cau-ing 
relaxation of the uterus. 

Progesterone M also used m combination with estrogenic hormone in 
the treatment of amenorrhea. 


Preparations 

B. r. 

Proqebterootm. Crystalline A’ prcgncnc, 3 20 dwnc CV,If u O, Average 
dose, 5 nig. in oil, intramuscularly. 

Non-official 

ANUTcno-IInmoxTrnocjEsrr.RONi: Synthetic At-prcgnct!(slT-iap-17 
3-one. C„Ui,0> Average do«e, 10 mg., orally. 

ItCFERCNCES 

Alien. Sex and Internal Smftiotw. Daluroorr. T),t> \\ A Wilkin* Compxrr, IP JJ. 

Campbell an» Scvntsciura Am. Jour Obstct. and Gj nrc . 39. S73, 1*M0 

Pratt Arch. Path . 19. 3%0. SIS. 1935 

Van D«e and Cues* Dulocrmoloa , ,25. 337, 1939 (Away) 


3 Male Sex Hormones 

For almost « hundred jears it has Ixvn known that the trste* exert 
an action upon the growth of <xk h< nl com hi h) a humoral uircham-m, 
hut it I 1 * only in oornparwti* ely recent \earv that the presence of a mule 
hormone was positive!} demonstrated h\ MeHee fl!*27), who ‘hmud 
that the lipid fraction of extracts of huffs teste* wifi induce »ur f i comb 
growth. This work was si»ccdil\ confirmed and extended to «h*m that 
these extracts muM nbo present or repair chancel m the nrtv*H>ry 
reprodiictiic urjwtis of mamma N which n err the result of castration. 
The'e extract* were crude mixture* and mre referrn I to under \ari<>n< 
names such as "hull testi* extract.” U^ticuhr hormone, male hormone, 
etc. 

Sltortl} after the demonstration of the hormonal activity of extracts 
of the testes. Funk and Harrow obtained extract* from tl e mire 

of males pos«cvjng \cr> '■bnil.vr phssiologiraf vfTtet' H'i' |'rv«bn t «*f 
the male urine was ijcugn itrd id** as the "male hormone' and to di*» 
tSiurubb it from the tiMimhr pmdiirt it «.w referred to a* the “male 
hormone fnm* urine " 

Two vmrs later Iltifriundi flPlJl obtained a cr<:tjf*.und from 1 URnn 
luale urine in crystalline ftttd *h**«rtl that it nrtr*I u{v u t! e exj* « 
<xun!» and upon the tmf«* nevr* .<,rv rr-prt-Jm me«»r,nn» IT »- ft? '**!’ V' 
substance was mined “andm-t* mrc «nd »t« f« mirlt '’'■»« t * 
r s dU-n ; afterward « wa» pi pxrcd *xntf cttaV} ( t< tor?- 1 
Hutrfrmdt and his civwo?hrrs aln* i*»>Ktcd a I ' *“• f * 

from human male urine which »»' found ti> ‘I'hjda ' JV ' ri ' , ' ,Tr '*’ r 
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(CisH 28 0 2 ) This, too, exerted similar effects to androsterone itself, hut 
jt required considerably larger do'ses to produce like effects. 

In 1935 a crystalline body was prepared from the testicular tissue 
and was shown to be very much more active on mammalian tissues than 
was androsterone. This crystalline body which possessed the formula 
Out i»Qi was named “Testosterone.” Shortly afterward it too was pre- 
pared synthetically by Ituzicka, and shown to have the following struc- 
tural formula: 



Testosterone 

CnHuOj 


Testosterone is inactive when administered orally. Its methyl deriva- 
tive, however, is active when given by this route. 

The action of male hormones is essentially one of a replacement 
nature, restoring the normal structure and function of the accessory 
genital organs in eunuchs and in castrated animals. The male hormones 
do not stimulate the hormonal activity of the testes, even though they 
aid to a certain extent in the maintenance of spermatogenesis. In large 
doses they may be injurious to the interstitial tissue, since they act 
upon the anterior lobe of the pituitary, suppressing the gonadotropic 
hormone in the same manner as do the estrogenic substances. 

Therapeutic Uses.— TJie androgens (testosterone propionate and methyl 
testosterone) are used in eunuchoidism to stimulate the growth of the 
penis, pubic and facial hair and the development of a masculine voice. 
They are also used occasionally to overcome the nervous symptoms 
sometimes seen in elderly men, which have been considered as analogous 
to the menopausal syndrome observed in women. However, the value 
of androgens in the latter condition is still not established. 

The androgens are also widely used in gynecologj' for such diverse 
conditions as menstrual disturbances, painful breast engorgement, func- 
tional dysmenorrhea, in the menopausal syndrome, etc. In administer- 
ing androgens to women it is important that the dose used be less than 
150 to 300 mg. of testosterone or its equivalent per month. Otherwise, 
there is danger of inducing undesirable masculinizing effects. 

The androgens are administered by intramuscular injection of testos- 
terone propionate in oil, orally in the form of methyl testosterone, y 
inunction of testosterone propionate into the skin, or by the impian - 
tion of pellets of testosterone where continued action over a long pcrio 
is desirable, as in the treatment of eunuchoidism. The average nose o 
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tcstosteroJonatc is 25 mg. by injection. Methyl testosterone is 
aamin/sterfhe form of 10 mg. tablets, orally. Pellets of tes- 
tosterone xfg 75 mg. are used for subcutaneous implantation. 

iPARATrONS 

>n-offic/aI 

TesTOStL PXOPIO tf — <?—**-.«. • - 

( f 7) -prop; c/CjjH ijO j, 

METnnPSTEll ONE. 

CjoHjcO. ie dose, 10 mg. orally. 

REFERENCES 

"" * " Company, 1939. 


IVOCH Jo/W" lv ‘ J > i-VM. 

jbl. Rev , 17, 153. 1937. (Review.) 


I. HEMATICS 

I , which usually refers to a reduction in the amount of the 
n or the number of red blood corpuscles in the blood, may 
a variety of causes. Anemia resulting from a deficiency of 
.{ready been considered in an earlier section. Anemia may 
from blood loss, wasting diseases (e. g., cancer, Jeucemia, etc.), 
Bciencies (avitaminosis, hypothyroidism, etc.), blood destruc- 
jlytic anemia, sickle cell anemia, etc.), or a decreased blood 
i. Among the last-named is included pernicious anemia 
tn Anemia) which responds to specific therapy with liver and 
reparations, to be discussed next. There will then be con- 
sided other drugs which affect the blood and hence may be included 
undj the general heading of hematics. 

1. Liver and Liver Preparations 

/linot and Murphy in 1926 made the important therapeutic dis- 
cjvery of the remarkable effects which follow the administration of 
Ijrcr to cases of primary (pernicious) anemia A direct outgrowth of 
tre 'careful work carried on by Whipple and his associates upon the 
effects of various preparations of iron and of articles of food upon 
secondary anemias, these workers were able to present the records of 
45 cases of primary anemia which had responded favorably to a diet 
containing a considerable amount of hver. The results obtained by 
Minot and Murphy were soon confirmed and indeed the action of liver 
in primary anemia is now so well established that in a suspected case 
of the disease if an adequate amount of liver is given and none of the 



572 SUBSTA NCF?—* s'” "* r ' ~ f 

— « SUBSTANCES ACT J NO AFTER ABSORPTION 

expected changes in the blood picture follow it is probable that the 
diagnosis^ of primary anemia is incorrect. j 

Following the administration of a sufficient dose of HVer, which as 
experience has shown is about ImU a pound a day, there will be definite 
changes in the blood picture, the extent of such changes being dependent 
upon the degree of anemia present when the diet of liver is initiated. 
Usually about the fourth day the reticulocytes, which normally exist 
in human blood to the extent of about 1 per cent, begin to increase in 
number. This increase continues for four or five days, usually reaching 
its maximum between the seventh and the nintli day after! which time 
the curve of increase begins to decline, reaching the normal again about 
the twenty-first day. The extent of increase in the number of reticulated 
red cells will depend upon the number of red blood cells in the patient's 
blood when the treatment is begun. The lower the red cell count the 
greater is the increase in the number of reticulocytes which will be 
present in the blood. For example, a patient with a red cell count of 
COO, 000 would be expected to have an increase in reticulocytes to about 
50 per cent of Ins total number of red cells after taking an adequate 
amount of liver or liver extract by mouth. With an initial count of 

1.000. 000 a reticulocyte count of 41 per cent would he expected, while 
with a count of 2,000,000 there would be about 18 per cent reticulocytes 
and with 3,000,000 red cells about 5 per cent reticulocytes. Following 
this outpouring of young red cells the total red cell count begins to rise. 
This increase is a gradual one so that in the course of a few 'weeks a 
normal count of 4,500*000 or 5,000,000 may be 'reached. It is interesting 
that with adequate amounts of liver the red blood cell count inpatients 
will reach normal in eight weeks no matter what was tire initial red cell 
count. A patient with a count of 3,000,000 or 2,000,000 reaches the 

5.000. 000 level no earlier than one with a count of 1,000,000 or even 

500.000. The lines of increase all converge to meet at the compion point 
at the eighth week. At the same time ns the red cells increase in number 
certain abnormalities of the blood disappear. The cells become more 
normal in size, shape and color. Tire abnormally large cells which are 
distorted in shape and the red cells which are nucleated disappear, and 
cells having a normal size and shape gradually replace them. 

In addition to the changes in the blood there are signs of clinics/ 
improvement which appear soon after the liver diet has been instituted. 
After two or three days the patient begins to feel better, his appetite 
improves and he feels stronger. His color improves. The pads of the 
fingers and the palms of the hands, the cheeks and the tip of the nose 
all begin to show a pink flush even before there is any marked change 
in the blood count. The feeling of nausea disappears and the intestina 
condition is better. The condition of the tongue usually improve 
although in certain cases not to the same extent that there is impnyv 
ment in the general health. A similar statement applies to the neuro- 
logical changes which are sometimes present in this disease, -uenni 
degenerative changes which the nervous system may have undergon 
are usually not appreciably altered by the liver diet. In this connect# 
the maintenance of a normal blood condition seems to be of grea 
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importance and frequently symptoms resulting from changes in the 
nervous system, such as tingling or numbness, may be benefited or 
entirely disappear with the improvement in the condition of the blood 
The condition of achlorhydria which is practically always present in the 
primary anemia is apparently not benefited by a liver diet. 

So far as is known in such cases of primary anemia liver m some 
form (or one of the other specific products used in this disease) will 
have to be continued throughout the patient's life, the dose necessary 
for maintenance of good health differing with different individuals but 
averaging about one-half pound of liver five times a week or an equiva- 
lent amount of one of the extracts which have been introduced to replace 
the liver itself. 

The existence of an infectious process in a patient, such as a common 
cold, tonsillitis, bronchitis, and particularly infections of the urinary 
tract, may interfere with the effects of liver and delay the reticulocyte 
increase but with recovery from the infection the beneficial effects from 
the diet will become manifest again Also during a therapeutic remission 
in the disease when the patient is on a uniform maintenance diet, the 
occurrence of 5>ome acute infection with fever will usually be followed by 
a lowering of the blood count unless the dose of liver is augmented to 
compensate. Inadequate responses are also noted in older patients, 
those with arteriosclerosis, and in those in whom absorption or storage 
is deficient. 

Preparations.— In spite of the brilliant results which follow the treat- 
ment of cases of primary anemia with a diet containing liver, the use of 
such a diet has certain disadvantages. One very practical difficulty with 
it is that patients get very tired of taking liver every day and again 
others are unable to tolerate the necessary quantity on account of 
gastro-intestmnl symptoms. These objections to the liver have been 
overcome in various ways, especially bv the preparation of partially 
purified preparations and extracts which can be taken by mouth or in 
oilier cases can be injected intramuscularly or intravenously. Each of 
these inodes of administration has advantages which are apparent. For 
the average patient the use of an extract by mouth is doubtless the most 
simple, provided the patient does not get careless and neglect his treat- 
ment ISy injection into the muscles, the dose of liver which it is neces- 
sary to administer in order to insure satisfactory results is much less 
than when extracts are given by mouth For instance, the daily intra- 
muscular injection of material preparer! from 10 to 15 grams of liver is 
approximately equivalent in efficiency to an extract prepared from 
300 grams, when given in daily doses by mouth. Still more highly 
purified extracts of liver have been prepared containing os much as 
15 units per cc., but the objection to such concentrated solutions is 
that in their preparation a considerable loss of potency occurs, making 
the use of o larger amount of liver necessary and other factors than the 
anti-anemic principle may *be lost during the process of purification. 
Experience in the individual case only will show the most favorable time 
interval between injections and also the do e e necessary in each case to 
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maintain a nbrmal blood picture and the other signs of remission of the 
disease. _ , 

r The advantages of giving the material parenterally are manifest. 
There is not only economy of liver and relief from what becomes a 
tiresome article of food, but also avoidance of carelessness on the part 
of the patient due to neglect to take the diet. Intravenous administra- 
tion is rarely necessary or advisable and hence the intramuscular route 
is used almost exclusively when parenteral administration is desirable. 
The parenteral method of administering the liver is more efficient than 
the oral method in bringing about improvement in symptoms due to 
neurological changes which may have appeared dining the course of 
the disease. In patients manifesting damage to the central nervous 
system as well as in case of sprue, the use of crude liver is preferable to 
the extracts since the former contains nutritional factors in addition 
to the anti-anemic principle. 

The available preparations of liver include: a dry extract and solution 
for use by mouth, and a purified solution for intramuscular injection. 
All of these preparations have to be assayed for potency on patients 
suffering from pernicious anemia according to methods approved by 
the Anti-anemia Preparations Advisory Board of the United States 
Pharmacopeia and have to meet its standards. Liver extracts are pre- 
pared from ox or sheep liver by means of acid alcohol, in which the 
active principle is soluble. After concentration and purification it is 
reduced to a light brown powder with a meaty odor and taste. It is 
freely soluble in water. Extracts for injection are subjected to further 
purification. 

Combinations of liver and stomach preparations are also available 
and will be discussed in the next section (page 570). In view of the 
fact that liver is an excellent source of the vitamin B complex various 
combinations of liver extract and vitamins are also available. These 


will be discussed under Vitamins (page 583). 

Assay. —At present no satisfactory method of testing is available 
other than in the clinic, where it is administered to patients who 
primary anemia and who are in a state of relapse and to whom noh' er 
or other preparation having a specific action in the disease has bee* 1 
given recently. In such a case a preparation, if it is potent, will b ria jj 
about the typical increase in reticulocytes and in numbers of red bloo 
cells. f 

The potency of anti-anemic preparations is expressed in terras 
“U. S. P. units" defined as the minimal amount which given daily in ® 
uncomplicated case of pernicious anemia will produce a satisfac o y 


reticulocyte response. . . ^ 

Dosage.— The dosage required in treating macrocytic anemia . , . 
liver preparations is variable. Larger doses are necessary e 
patients, in the arteriosclerotic, in the presence of infections, in pa 
in whom absorption from the gastro-intestinal tract is defective, ^ 
severe diarrhea, and in those suffering from marked neurologica inv 


ment. 

In the severely anemic patient, 


10 units are injected intramuscular^ 
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in one dose or in divided doses during the first six hours. Thereafter, 
5 units are injected daily until the maximum reticulocyte response is 
obtained usually in five to seven days. The dose is then decreased to 
10 units weekly. With an initial red blood cell count of 3,000,000 or 
more, 30 units may be injected during the first tiro nocks, at tlic end of 
which time a definite increase in the red blood ceil count and volume of 
the packed red celjs should be evident. 

The maintenance dose is one unit per day. This may he administered 
by the intramuscular injection of 15 units every two weeks. 

The mode of action by which preparations of liver bring about a 
remission of the symptoms of primary anemia is not known. This 
disease is believed to be the result of a deficiency of a factor which 
normal!}' acts upon the bone marrow and is essential for the proper 
maturation of the red blood cells. This essential factor is beliexed to be 
formed by the interaction of the so-called "intrinsic factor" of Castle 
which exists in the gastric juice with the "extrinsic factor” present par- 
ticularly in meats. In Addisonian anemia it is the intrinsic factor which 
is lacking This is probably an enzyme, and is destroyed by heating 
to 70° C. Under normal conditions the substance formed by the inter- 
action of these two factors is probably stored in the liver and is called 
upon as needed to act upon the l>one marrow In the absence of this 
principle the bone marrow undergoes the megaloblastic hyperplasia 
which is characteristic of this disease. It has been shown that when the 
liver diet is administered and the condition of the blood is improving, 
the megaloblasts in the marrow decrease and the appearance of the 
marrow approaches normal The rapid increase in the very yotittp ml 
cells following the administration of liver in some form is ter} suggestive 
that the diet furnishes the necessary stimulant for the maturation of 
the red blood cells. 

The chemical nature of the material in li\ cr which is active in pernicious 
anemia is unknown. It is non-protein, fm’f* ‘ ' . water and in 
slightly acid alcohol, 'll''’ r ' only carbon, 

hydro***" “ ’ • - Angirr and 

his ’ * ■ ..utnesizcd a factor from 

livet ■ .i • uemopoietic action The relation of this 

comj .... to Uie a< tive principle effective in pernicious anemia remains 
to be determined. They may lie identical A further di«cussjon of the 
hemopoietic action of the vitamins i*. given later (page C02). 

Therapeutic tfses.~T.iver and its derivatives are of u«e mi!} in the 
anemias in which a defective formation, absorption or storage of the 
active material results m failure of proper maturation of its! blood 
cells These are the macrocytic anemias Included in this group of 
anemias, in addition to j>en»< mus anemia, is the anemia due to tropical 
sprue where there mav lie lack of the extrm<ic factor in the diet and 
impaiml absorption in the itiirsimr Liver therapy i* wry effect is c in 
this condition In pellagra then* apparentl} n «imihr disturbance of 
the factors concerned ttt projx*r b!««*d maturation and here, too, hver 
therapy has lieen found useful in nddition to nicotinic acid which, 
incidental!} , is present in high concentration in crude liver extracts. 

37 
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In cirrhosis of the liver, liver therapy 1ms also been found to be effective 
in overcoming the macrocytic anemia often associated with this disease. 

Preparations 

' U. S. P. 

Extractor Hepatis, dry liver extract, a dry brownish, sojfoewhat hydro- 
scopic powder containing the soluble thermostable fraction of mammalian livers. 
Dose, one U. S. P. unit daily. 

Liquor Hepatis, solution of liver, liquid extract of liver, a brownish liquid. 
Dose, one U. S. P. unit daily, orally. 

, Injectio Hepatis, liquor hepatis nurificatus, liver injections, a sterile solution 
m water. Dose, one U. S. P. unit daily by intramuscular injection. 

B. P. 

Extractum Hepatis Liquidum, liquid extract of liver. Dose, 30 mil. 
Extbactum Hepatis Siccum, dry extract of liver. Dose, the quantity 
equivalent to 225 grams, or about onc-hnlf pound of fresh liver. 
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2. Stomach Preparations 

Following the demonstration of the effect of feeding liver, kidney 
and other organs to animals in which a secondary anemia had been 
produced by bleeding, and the spectacular results obtained in pernicious 
anemia by the use of a liver diet, it was shown by Castle that something 
was secreted by a normal stomach which would act upon meat, pro- 
ducing in the process of digestion some substance which was absorbed 
and acted upon the bone marrow', bringing about maturation of the 
rod blood cells. This substance is under normal conditions stored in 
the liver and kidney, imparting to these organs, as well as to others, 
their specific effects upon the bone marroiv. ... • 

Following the discovery of this action of normal gastric juice w 
production of the anti-anemic substance, equally good results weir 
obtained by feeding to patients with primary anemia the gastric wail 
animals after it had been chopped fine, dried and defatted by the us® 
petroleum ether. The administration of such material is followed > 
the same improvement in the blood and in clinical symptoms us reSU 
from the giving of liver preparations. A daily dose of about 40 gra 
of this desiccated, defatted material, corresponds to one U. S. Y ■ u 
and is sufficient to bring about a remission in pernicious anemia. 
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The mode of action of the gastric material has not been explained. 
It appears probably that the intrinsic factor present in the mucosal 
cells of the stomach reacts with the proteins present in the stomach wall 
during postmortem autolysis, producing the anti-anemia factor which 
is found in the liver. As the material from the stomach is thcrmolabilc 
and cannot be extracted by the same physicochemical means u'ed in 
extracting the thermostabile material from liver, it must undergo further 
changes during absorption. 

The changes in the blood and in the general condition of the patient 
are much the same after the taking of gastric material ns after taking 
liver extract. On the third or fourth day the reticulocytes increase in 
number, reach their maximum and decline to their normal in about 
two weeks. The red blood cells gradually increase in number as after 
liver, and the appetite of the patient improves and he feels stronger. 

The anti-anemic principle is also present in yeast, kidney and other 
sources but these arc not used to an appreciable extent as therapeutic 
measures in treating macrocytic nnemias. 

In addition to dried stomach tissue, the combination of liver and 
stomach tissue is also used in the treatment of pernicious and other 
forms of macrocytic anemia. As shown by "Walden and Clowes, the 
digestion of fresh stomach tissue with liver tissue or purified liver 
extract (Cohn’s fraction G) results in a preparation which has a potency 
three to four times that of the raw liver from which it is derived. Tills 
concentrate (Extralin) is administered in doses of 2 grains three times n 
day which supplies the equivalent of 1 U. S. P. oral unit of liver. 

Therapeutic Use.— Pondered stomach and liter-stomach concentrates 
are used in the treatment o! jtcrniciowi anemia. Only preparations for 
oral administration are available. They arc given in do>rs correspond- 
ing to 1 U. S. I’, unit daily hut the amount necessary for maintenance 
varies with different individuals and must he determined by repeated 
examinations of the blood. 

PatrA RATION'S 

U.S P. 

STOtiACUOs Polveiutcs, powdered stomach, the dried and pondered 
defatted wall of the stomach of (he hog. Do?e, one U. S P. unit dstlv. 

nnrnnn.vc;?: 

. ■ mo 

Waldev akd CLOwri: P«f. Foe. Dr. Biol, ini) Me! , I?, *71 IMS 
Wilkivaow Jlrit. Med. Jour.. 1. ?3G, 1330 

3. Pentnucleotide 

The «odiuin salts of the pentose nucleotides derived from rii«onurlejc 
acid of jeast nre m-ed in conditions ncrompnmrd by fetikofwnh or 
neutropenia, Mich ns flcntnulnr.it pm* in which tljerr if n drern»e in 
the nuinl*er of circulating ;»> I wnorpho nuclear Irucocvt,-*. Agra mil*, 
evtosjs is observed mo«t commonly ns n toxic reaction follow irg the 
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administration of certain drugs particularly aminopyrine, the sulfona- 
mide derivatives, gold salts, the arsenicals, etc. Pentnucleotide exerts 
its action presumably by stimulating the bone marrow. It is ineffective 
in conditions such as aleukemic leukemia or aplastic anemia nor is it 
always effective in other conditions.. 

Pentnucleotide is administered in doses of 10 cc. by injection into the 
gluteal muscles, four times daily. A response as noted by the appear- 
ance of myelocytes and young polymorphonuclears in the blood smear 
may be evident in thirty-six to forty-eight hours, but often will not 
appear for five or more days. 

Untoward but not severe reactions characterized by dyspnea, pre- 
cordial distress, bradycardia, sweating, vomiting and occasionally chills 
and fever follow the use of pentnucleotide. 

Recently the use of various fractions of vitamin B complex have also 
been advocated for the treatment of agranulocytosis. Transfusions of 
fresh blood are also used but it is difficult to evaluate the efficacy of all 
of these drugs and procedut-es since the patients often recover spon- 
taneously when the drugs responsible for the condition are withdrawn. 
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4. Anticoagulants 

Heparin.— Extracts from certain tissues have the property of pre- 
venting the coagulation of shed blood. An extract of buccal glands ot 
the leech designated as hirudin was long used for this purpose until dis- 
placed by heparin, first prepared from mammalian liver and lung tissue 
by Howell and his co-workers. Heparin has been isolated in the forp 1 
of a crystalline barium salt. On hydrolysis it jdelds d-glucosamine m 
large amounts together with uronic acid and sulfate. Heparin is there- 
fore believed to be a mucoitin polysulfuric acid. 

Heparin by its strongly acidic nature, is believed to form a complex 
with a factor present in serum albumin and thus acts as an anticoaguian 
by inactivating thrombin. Heparin and a co-factor present in bloo 
plasma also inhibits the conversion of prothrombin to thrombin an 
prevents the agglutination of platelets. . . . 

Purified preparations of heparin suitable for intravenous inj eC “ 
into man are commercially available. The unit of activity is define * 
the activity present in 0.01 mg. of the crystalline barium salt. One W =?• 
of this material will prevent the clotting of 500 cc. of cold cat s o oo 
for twenty-four hours. .... 

Heparin is used to prevent the coagulation of blood tn vitro in 
where it is undesirable to use such anticoagulants as citrate^ oxalate 
fluoride. It is also administered intravenously in patients wh ? in . 
is desired to retard the coagulation of the blood. It may also be am 
jstered subcutaneously in a menstruum containing gelatin and de. 
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(Loetve and Kosenblatt). The latter procedure permits the prolonged 
absorption of the drug at a uniform rate and lessens the necessity of 
frequent injections with abrupt decrease in the coagulability of the 
blood to dangerous levels. 

The use of heparin in the intact organism requires care, for when the 
coagulability of the blood is much reduced there is always the danger 
of spontaneous hemorrhage into the brain. It lias been replaced clinically 
to a large extent by dicumarol. 

REFERENCES 

Best. Brit. Med. Jour., 2. 977. 193S. 

CiMPi.es and Score. Btochem. Jour . SO. 1907. 1930 (Heparin.) 

Howell and Hot-t Am. Jour. Physiol., 47. 323. 1918. 

JoitPta Heparin, London. Oxford University Press. 1939. 

Loews: and Rosenblatt. Am. Jour Med, Sci., 208, 54. 1914. (Subcutaneous Admtrmtr*' 
do d of Heparin.) 

Mason Surgery, 5, 451. 018. 1939. 

Quick Pbj-?io). Rev.. 24, 297, 1944. (Anticoagulants.) 

Wolteom anp KaBabinos. Jour. Am. Chem. Soc., 67, 079, 1915. (Ch cm Utry of Ilepann. 

Dicumarol. —The existence of a hemorrhagic diathesis in cattle eating 
improperly cured clover was found tp be due to the presence of 
3,3'-methyienebis-(2,4diketocliromanc). This substance was isolated 
and synthesized by Link and has been used clinically under the trade- 



name, Dicumarol , for the prophylaxis and treatment of intravascular 
clotting. Dicumarol prolongs the prothrombin time by interfering 
apparently with the function of vitamin K, which it resembles in struc- 
ture (cf. page 610). The effects of dicumarol may be counteracted by 
the administration of large amounts of vitamin K. Unlike heparin it i* 
without effect when added to shed blood. 

Dicumarol is used as an adjunct to or as a rep la cement for heparin 
over which it has the advantages of cheapness of living effective orally 


four to fortj -eight hours in a training the full effects of dicum.md. 

The cliniral use of dicumarol must be eont/tdled by daily prothrombin 
determinations, since the individual n^pon^ to the drug varies great lj. 
It ts admini'tered orally in an initial don* of mg. f>cr kilo of D-ji 
weight with the subsequent do'agc drtrnnined by daily prothrombin 
time levels. If the prothrombin nctitity is reduced to lr*< than 2.> J*'r 
cent no further dicumarol is administered, OvrnliHagc with dicumarol 
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necessitates transfusion of fresh blood and the intravenous injection of 
large doses (40 mg.) of menadione (vitamin K). 
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5. Coagulants 

Fibrin. — The clotting process may be represented as occurring through 
two reactions: 

Prothrombin + Ca++ + Thromboplastin - — > Thrombin 
Thrombin -f Fibrinogen — * Fibrin 

A deficiency of vitamin K as we shall see (page CIO) results in a lack 
of prothrombin while a deficiency of thromboplastin is the cause of 
impairment of the clotting process in certain congenital disorders. In 
the presence of fibrinogen in the blood, the addition of preformed 
thrombin will result in the formation of fibrin. Thrombin is obtained 
during the processing of human blood for the preparation of plasma and, 
as a by-product, has been introduced into surgery for use in arresting 
hemorrhage. It is used in the form of fibrin foam , a sponge-like material 
which may be left in position after closing the wound since it is readily 
absorbed. Fibrin, and fibrin foam have been especially useful w 
neurosurgery. Absorbable oxidized cellulose is also available for use 
as a hemostatic in surgery. 

Fibrin and fibrin foam have largely replaced the fibrin ferments and 
tbromboplastic substances previously used locally to stop hemorrhage. 
The fibrin ferments and thromboplastin are prepared by extraction of 
brain tissue. Their action depends on their capacity to induce the 
formation of thrombin from prothrombin in the presence of calciuitf 
ion. They are used as hemostatics for local application to bleeding 
surfaces. Thromboplastin is also available commercially for use in the 
determination of the prothrombin time of the blood. 

The use of ferric salts as stypics to control local hemorrhage of vaso- 
constrictors and of vitamin K in prothrombin deficiency are descn e 
elsewhere under these headings (see pages 113 and 611, respective y)» 
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of health, w— »» wbuiu^ twuumun ui t»c uieuuy w given oeiore 
irretrievable damage has occurred in the tissues, complete recovery 
generally follows. The amount of these substances necessary to maintain 
health is so small that they cannot be regarded as sources of energy 
like the ordinary foods. The vitamins resemble drugs in certain respects 
and are analogous in their action to the hormones which have been 
aptly termed “endogenous vitamins." 

*•---• - * vsare 

nec< ■ when 

it w >y the 

juice of lemons and other similar fruits. At the beginning of the present 
century it was discovered that beriberi, a disease which is seen chiefly 
in rice-eating countries and which became very prevalent when polished 
rice was introduced, could be remedied by treating the patients with 
less completely prepared rice or with the germ which had been removed 
in the process of polishing. But the subject received the attention it 
deserved only when it could be accurately examined by means of animal 
experiments. At the same time it became clear that in modern popula- 
tions and with the present methods of preserving and storing foods 
there h a possibility that these and other “deficiency diseases” may 
become prevalent; many people consuming food adequate as far as the 
provision of energy is concerned live on the borderline below which the 
vitamins are deficient and ill health results. It is also true that persons 
on a badly balanced diet or patients on a highly restricted regimen do 

>f foods under com- 
’ to be destroyed in 

whole or in part has led some of the manufacturing establishments to 
adopt procedures adapted to lessen exposure of the food to the action of 
oxygen when it is being canned and the cans themselves before being 
sealed have the oxygen exhausted or replaced by nitrogen. For man, 
like the other animals, cannot manufacture those essentia! substances, 
but derives his supply from vegetables either directly or through the 
flesh of annuals which have absorbed them in their food. Nursing 
infants draw their supply of vitamins from the mother’s milk, and a 
deficiency in her food often gives rise to symptoms in the child; these 
disappear at once on supplementing the mother's diet where necessary. 

A number of vitamins arc recognized at present and it is not unlikely 
that there may be others or perhaps that some of those now recognized 
may prove to contain two or more different principles. Many of the 
vitamins have been isolated in pure chemical form and their chemical 
composition established and some have been synthesized. The syn- 
thetically prepared vitamins are added to certain food products (par- 
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ticularly bread) in order to replace the naturally occurring vitamins 
removed or destroyed in the process of preparation. Several of the 
vitamins have been shown to be components of certain enzyme systems 
which accounts for their vital role in the body. 

Ordinarily a properly selected diet will afford an adequate supply of 
the requisite vitamins. Under conditions of a restricted diet a relative 
shortage of some of the vitamins may, however, arise. The chief 
indications for the use of vitamin preparations are as prophylactics 
when an inadequate intake may be anticipated {c. g. vitamin D in 
infants) or when definite avitaminosis exists. The promiscuous use of 
vitamin preparations where no such indications exist is to be deprecated. 

Peecajutions 
U. S. P. 

The .mixtures of various vitamins which have been accorded pharmacopeia) 
recognition are cited here. The preparations of the single \dtamins are given 
under their respective headings. 

’ T .* ■ “ hexa vitamin capsules, contain 2500 U. S. F- 

un .' * units of vitamin X), 37 mg. of ascorbic acid, 

1 i o ' i ' 1.5 mg. of riboflavin, and 30 mg. of nicotiDs* 

mide. Dose, according to the needs of the patient. 

Tabeli^e Hexavitaminardm, hexavitamin tablets. Potency and dosage 
as in preceding. 
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Vitamin A 

This vitamin has been known as the anti-ophthalmic vitamin due to 
the fact that its absence from the food will result in a condition in which 
there is a characteristic eye disturbance which is known as xerophthal- 
mia. However, the symptoms in this disorder are much more wide- 
spread, not being limited by any means to the eye, so that this vitanfl Q 
is not infrequently referred to also as the “growth promoting” factor A- 
It has also been called the “anti-infective" vitamin but there is no 
evidence to justify such a name. Any such effect is, in the light o 
present-day knowledge, only indirect in that the vitamin assists m 
preserving the health and vigor of the body. . . 

Chemistry. —Vitamin A, being soluble in fats and oils, was in j^ e 
earlier work upon these substances confounded with other fat-solubc 
principles or rather these vitamins, so far as they were known, were a 
grouped together. Now, however, three distinct fat-soluble vitami 
have been recognized, and the two which have been differentiated from 
A are now classified separately as vitamin D, or the antirachitic pnn 
ciple; and E, or the antisferility factor. 
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The presence of a large amount of a yellow pigment in plant3 which 
contain an abundance of vitamin A led to a further study of such 
carotenoid pigments and of their relation to the activity of this vitamin. 
Many of these v eBow pigments are designated bv special names such 
as zeaxantbin, from yellow corn; capxflMlnn, from the red peppers; 
flavoxanthin, from the buttercup, and toxaxanthin, from dandelions. 
Many of the green foods which contain the vitamin arc rich in this yel- 
low pigment, tiie presence of which is concealed by the green color. In 
fact, there seems to be a relationship between the green coloration of 
various food products and their vitamin A content. The green leaves 
of lettuce arc richer in this vitamin than are the white leaves of head 
lettuce, and green asparagus tips are more potent than the white. 
However, cod-liver oil, which is rich in this vitamin, contains none of 
this pigment. 

The pigment, which is Known as carotene, has been isolated in pure 
form and has the formula (\Jf >e . The molecule of carotene is capable 
of being split in half, w ith the formation of an alcoholic group at the end 
of each split product forming flic vitamin A. Carotene differs from the 
vitamin in certain important respects. For instance, the latter is almost 
colorless, and in addition it has spectrographic properties differing from 
those possessed by carotene. Carotene itself is exceedingly active, a 
dally dose of 0.003 mg. being sufficient to prevent the symptoms of 
avitaminosis in the rat. It is a hydrocarbon and occurs in three forms, 
which have been designated ns alpha, beta, and gamma carotene. The 
beta carotene is twice as active as either the alpha or gamma, but in 
nature they usually appear as a mixture of the three- The vitamin A 
activity of yellow maize is not due to carotene hut rather to a closely 
related pigment, cry ptoxanthin. The changes in the Ixxly which arc 
ascribed to vitamin A activity arc believed, therefore, to be due to fur 
substances —vita min A it'eif; alpha, beta, and gamma carotene; and 
Cty ptoxanthin. The last four are precursors of the vitamin and are 
found in the plant Kingdom. In the animal Ixxly they are changed into 
a compound with the formula which is Known as vitamin A. 

The transformation from precursor to vitamin occurs in the liver 
through the action of an enzyme, caroteowe, and storage of the sub- 
stance is ft ho largely in that organ. 

CH, CII, 

C II HOI, H II II CH, If 1! 

it, c/ r-c-<k~c~c- r-.r-c- 4-i-o n 

J » 

II, cl ,0-01. 
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V,*ir*Ja A 

Tlti* «t met urc of Mlauuu A was rhifiditrd by K.Wrr. It la* Ix^-n 
rotated in rrv'lalhne f«»nn (IMls^es) fn in fids liver oil and *yr.the*i*cd 
(ltattv. e{ cf). 
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Two isomeric forms of vitamin A have been isolated and they are 
designated as vitamin Ai and A 2 , respectively. The common form which 
is present in the livers of salt-water fish has the formula shown above 
and is known as vitamin Ai. Vitamin A 2 is found in fresh-water fish and 
contains two less hydrogen atoms and an extra double bond. It differs 
from vitamin A t in spectrum and color tests. 

Occurrence. — Vitamin A is found primarily in plants, the green leaves 
being especially rich, but it is found also in the actively growing parts 
of the plants such as the young shoots, while the storage parts of the 
plant such as fleshy roots and tubers have much smaller amounts. 
Natural yellow color is a rough guide for the selection of vitamin A in 
animal products as it indicates the consumption of the vitamin pre- 
cursors by the animals. However, some vitamin-rich products are poor 
in pigment, as for example halibut- and burbot-liver oils. Yellow 
maize is richer than is white maize and sweet potatoes contain more 
than white potatoes. Animals receive their supply of this factor from 
plants and store it up in the various tissues and organs, especially in 
the iiver, kidneys, and lungs. The liver, for instance, has been shown 
to contain from 200 to 400 times as much as muscle tissue, and the lungs 
and kidney are 40 times as rich as muscle. Inasmuch as this vitamin is 
so important for growth it is interesting to find it in large quantities 
in milk and in the yolk of eggs. In fact, milk, eggs and green vegetables 
are the chief sources of this vitamin for man. Cod-liver oil has long 
held a position of importance in medicine because it contains large 
amounts of this vitamin in addition to the antirachitic factor (vita- 
min D). The livers of other fish than the cod contain much larger 
quantities of this vitamin than does the liver of that species. For 
example, the liver of the halibut may contain 100 times as much; in 
fact 1 per cent by weight of halibut-liver oil may be vitamin A. The 
cod, like other fish, gets its supply of vitamin indirectly from the a!g® 
upon which the smaller fish and lower forms of marine life feed, ana 
these small fish serving as food for the cod furnish it with the vitamin, 
which in turn is stored in the fat of the liver. 

On account of its solubility in fats, vitamin A is stored in the animal 
body in larger amounts than are some of the other vitamins, so that no 
symptoms of deprivation are seen until this store has become exhausted- 
Young adult rats apparently can store sufficient to keep. them alive for 
about six months. Probably 95 per cent of the vitamin is stored io the 
liver, with small amounts in the lungs and kidneys. The accumulation 
in the liver is lowest at birth and tends to increase with age and is 
dependent upon the diet. On this account the vitamin content of mw 
is very important. As the vitamin formation from, carotene is no 
always complete, milk, eggs, and other foods contain a mixture 0 
vitamin and carotene, the proportions of each varying often according 
to species. For example, about two thirds of the vitamin activity 0 
Guernsey milk is due to carotene while Ayrshire milk owes about on 
third of its activity to carotene, and in Jersey milk there are a on 
equal quantities of vitamin and provitamin. . , 

The vitamin A preparations used in medicine consist of caro 
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(Pro- vitamin A) preparations, fish liver oils derived from various 
species of Gaddus, Burbot and Pcrcomorph fishes and from shark livers. 
The liter preparations arc also rich in vitamin D. 

Absorption and Excretion.— Vitamin A is absorbed well, reaching its 
maximum in from three to five hours after administration. Carotene 
absorption is more variable and is slower, reaching its maximum in 
from se\ cn to eight hours. Carotene dissolved in oils or given with a 
fat diet is utilized well but when given with a low fat diet its absorption 
is less satisfactory It should not be given with liquid petrolatum as it 
is soluble in tins vehicle and therefore will not be absorbed. Excess of 
vitamin is stored as stated and the remainder probably destroyed as 
very little is found in the excretions. 

Clinically, the earliest sign of chronic hypoxitamtnosis A is seen in a 
change in the skin There appears a dryness of the skin, with a papular 
eruption (follicular keratosis) which affects particularly the extremities, 
shoulder, chest, and buttocks. Comedones appear in abundance. The 
resistance of the skin is lowered which predisposes to infection. It was 
the occurrence of these local infections, not only in the skin but also in 
the eye and elsewhere in the body, which gave rise to the idea that 
vitamin A was an anti-infective vitamin. The essential pathological 
changes in the skin are atrophy of the sweat and sebaceous glands and 
hypcrkeralinizatioo of the epithelium. 

Also one of the early manifestations of lack of vitamin A, and usually 
following the skin changes as seen in adults, is night blindness (nyctal- 
opia), a condition where there is more or less difficulty in adapting 
vision where there is faint illumination. This disturbance of vision is 
apparently connected with failure of the visual purple of the retinal 
rod cells to regenerate after its exhaustion by exposure to bright light. 
Normally the vitamin brought to the retina unites with protein to form 
the visual purple. In the avitaminotic state the vitamin component is 
lacking, hence regeneration of the visual purple cannot take place. 
Xerosis or dryness of the con jnnctlva is considered to be the second stage 
of eve disturbance, and this is succeeded closely by xerosis of the cornea 
and inactivity of the para-ocular glands with lessened secretion of tears, 

In addition to the eye changes in the absence of this vitamin, animals 
cease to grow and become susceptible to the eye affections known as 
xerophthalmia and keratomalacia. The eye becomes sensitive to light; 
there is conjunctivitis with a purulent discharge- The fids are swollen 
and stick together and the cornea may become involved and blindness 
result. While the eye condition is one of the most striking signs of this 
deficiency disease it is by no means the only one. The resistance of the / 
body is apparently lowered, and disease of the lungs is quite common, 
especially in the adult animal. Other signs of increased susceptibility 
to infection have been described, especially in the earn, in the sinuses, 
and in the glands at the base of the tongue. Doubtless some of these 
changes described are due to malnutrition and in others infection plays a 
part, for instance, in the production of the ophthalmia, infection doubt- 
less is important, but that the lack of vitamin is the essential feature is 
shown by the rapid recovery when the same is supplied. 
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The main pathological features of deficiency of vitamin A in man are 
therefore night blindness (nyctalopia), xerophthalmia, keratomalacia, 
and a definite kind of follicular keratosis of the skin. 

Vitamin A then appears to act on the general nutrition of all the 
' cells of the body. It is necessary for maintaining the structure of the 
epithelium of the skin, certain mucous membranes and glands, and for 
the normal function of the retina. The importance of an adequate 
supply of the vitamin for adults as well as for children should be gen- 
erally recognized. It is best supplied in the form of milk, eggs, and 
green vegetables and, in case of need, cod-liver oil or halibut-liver oil, 
or other preparations of the vitamin. 

Assay.— Vitamin A is assayed on rats maintained on a diet adequate 
except for a deficiency of the vitamin. It may also be determined 
chemically by the blue color which the vitamin gives with antimony 
trichloride, but this is not specific and hence suitable only for routine 
purposes of control. The International, U. S. P. and B. P. Standard is a 
pure specimen of beta-carotene, C«Hs«, which is dissolved in cocoanut 
oil. One international unit of vitamin A is defined as the activity 
equivalent to 0.6 7 . of the International Standard preparation. 

Inasmuch as carotene is liable to deteriorate unless very carefully 
protected, a selected specimen of cod-liver oil is usually standardized 
against carotene, and this oil is then used in the evaluation of vitamin 
A products. 

Therapeutic Uses.— The therapeutic value of vitamin A rests upon its 
action in those conditions resulting from its deficiency. Among these 
conditions are xerophthalmia, certain cases of night blindness, and fol- 
licular keratosis of the skin. It is also used in cases where there is 
reason to suspect an inadequate intake of the vitamin. As an aid to 
the development of bodily resistance to infection, it would be of value 
only when the stores of the vitamin in the body are exhausted or the 
intake inadequate. There is not sufficient evidence to show that its 
administration in excessive amounts has any value in the prevention 
colds or of other infections. Also, as an aid to growth, it lias not been 
shown to be of any greater value to the body than the other vitamins 
or the essential food constituents. 

The daily requirement for vitamin A to allow for the maintenance 
of a moderate storage in the body is about 3,000 units for the norma 
adult and 6,000 to 8,000 units for the growing child. A supplement 
some fish liver oil or other vitamin A preparation is recommended for 
children, particularly during infancy. During pregnancy 5,000 uni s 
or more should be available daily in foods rich in the vitamin supp e 
mented if necessary by fish liver oil or other concentrates. During 
lactation 8,000 units a day are recommended. 

In severe vitamin A deficiency the diet should be supplemented ttj 
50,000 units of the vitamin. The clinical response is slow and treat- 
ment must be continued over a long period. In mild degrees of deficiency 
about 15,000 units daily are indicated. 
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PREPARATIONS 

U. S. P. 

Oleum Monmnuc, cod-liver oil, th'e U. S. P. requires that cod-liver oil shall 
contain at least 850 U. S P. units of vitamin A as well as S5 U S. P. units of 
vitamin D per gram. Dose, infants and adults, 8 cc. 

Oleum Monmtux Nok-oesteRarjn-atcm, non-destearinafed cod-liver oil, 
the entire fixed oil. Potency as in preceding. 

EiWLsva Olei Monnuv.E, emuhion of cod-live r oi/. Dose, 15 ee. 

Oleovjtamina A, natural vitamin A in oil, U. S. P Vitamin A obtained 
from animal sources, either fish-liver oil alone, or fish-liver oil diluted with an 
edible vegetable oil, or a solution of vitamin A concentrate in fish-liver oil or 
in &d edible vegetable oil. Natural vitamin A in oil contains in each gram not 
less than 50,000 and not more than 65,000 U. S P. units of vitamin A, and not 
more than 1,000 U. S. P. units of vitamin D. Average daily dose. Prophylactic, 
infants and adults, 0.1 cc, {1} minims) 

Oleovit vmiv \ A et D, vitamins A and D in oil. Vitamins A and D obtained 
from animal sources, either fish-liver oil alone, or fish-liver oil diluted with an 
edible vegetable oil, or a solution of vitamin A and D concentrates in fish-liver 
oil or in an edible vegetable oil. The vitamin A must be obtained from natural 
sources; the D may be of natural origin or synthetic. Vitamins A and D in oil 
contain in each gram not less than 850 and not more than 1 100 U S P. units 
of vitamin A, and notless than 85 and notmore than 110 U S. P. units of vitamin 
D. Average daily dose, 8 cc (2 fluid drams) 

Oleovjtamina A et D Coxcextrata, concentrated oleovitamin A and D 
A concentrated form similar to the preceding preparation but containing tn 
each gram not less than 50,000 and not more than 65,000 U. S. P. units of 
vitamin A, and not fess than 10,000 and not more than 13,000 U. S F units 
of vitamin D Average daily dose, prophylactic, infants and adults, 0.1 cc. 

(1 J minims). 

Capstu-e OixovmyiN.E A, oleovitamin A capsules. Capsules containing 
cither 5,000 or 25,000 U S. P. units of vitamin A per capsule. Average daily 
prophylactic dose, one capsule containing 5,000 U. S. P. vitamin A unit*. 

Capscla: Oleovitamins A et D Cover strata:, concentrated oleovitamin 
A and D capsule*. _ Each capsule contains 5,000 U. S. P. units of vitamin A 
and 1,000 units of vitamin D. Dose, 1 capsule. 

B. P. 

Oleum VitaminaTUM. Dose, prophylactic, 1 to 2 mil , equivalent to 1,000 to 
2.000 international units of vitamin A and 100 to 200 international units of 
vitamin D, therapeutic, 3 to G mil. 

Oleum Morhiic e, cod-liver oil, contain* not Ic** than 000 unit* of vitamin 
A and 85 units of vitamin D per gram Dom\ pronh) lactic, 1 fo 2 mil. three 
times dul) , therapeutic, 3 to mil three times daily. 

Oleum HirroCLo^i, hahbut-hver oil. Po*c, OOG to 0 3 mil equivalent 
to 1500 to 7500 unit* of vitamin A 

Emulsio Olti VrrcMivvrr, omul-ion of vitammircd oi? Dose, propfd Isctie, 

2 to 4 mil equivalent to 1,000 to 2,000 unit* of vitamin A, and 100 to 200 units 
of vitamin I> 

EuuLfUo Olm Mummu.r, cmuHon of cod-liver oil, Po«r, prophj lactic, 

2 to 4 mil , equivalent lo 1,000 to 2,000 unit* of vitamin A and 100 to 2(0 unit* 
of vitamin I). 

Liquon Vitamim A Cover vtratcs concentrated solution of vitamin A. 
Dose. 0 06 to 0.3 mi! . equivalent to 2,500 to 1 2,500 unit* 

LtQCOR VrTUttvonvw A ET I> Concevtuatt*, concentrated aolution of 
vitamin* A and D Dcr*r, 0 06 to 0.3 mil equivalent to 2,500 to I2,5TVt units of 
vitamin A, ami 250 to 1,271 unat* of vitamin I) 

Exttuctum M v1.ti cum Olto Vitamin vto. extract of malt with viumirixed 
oil l)ose, 4 to 16 mil equivalent to 650 to 2,500 unit* of vitamin A, and C5 to 
250 unit.* of vitamin D. 
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The Vitamin B Complex 


Our present concept of vitamins was first developed from studies 
demonstrating the existence of a nutritional factor, the absence of which 
from the diet resulted in beriberi. Funk, in f 01 1, 'first prepared a con- 
centrate from rice polishings which was active in the cure of beriberi, and 
because of its basic properties designated the active substances as a 
vitamine. The terra was subsequently altered to vitamin so as to 
exclude the implication of a relation to the amines. As evidence was 
adduced to show the existence of several essential nutritional factors the 
term “water-soluble* vitamin B” was introduced to differentiate this 
vitamin from the fat-soluble A. It is now known that the so-called 
vitamin B complex consists of a number of vitamins, some of which 
have been identified and synthesized. 

The vitamin B complex is less stable than vitamin A, but some of its 
constituents withstand boiling for a short time and in acid or neutral 
solution are destroyed only slowly even when subjected, to a high 
temperature; in the dry state they are even more stable. It is found w 
most forms of plant life but is concentrated in the seeds. Fruits, 
meat, particularly pork, milk, and eggs constitute good sources of the 
vitamin B complex. Milk is a valuable source, especially as it is usually 
not subjected to any treatment which would reduce its vitamin potency. 
Canned foods are believed to retain their potency well, as do also the 
foods which are preserved by freezing, although the vitamin is extracted 
quite easily in the case of frozen products so that expressed juices should 
be utilized. _ , 

The best natural sources for the vitamin B complex are rice poltsn- 
ings, yeast, and liver. Mixtures of synthetic preparations of constit- 
uents of the vitamin B complex, dried yeast, concentrates of brewers 
yeast, liver extracts, and concentrates prepared from rice polishings are 
available for therapeutic use. 

Preparations 
U. S. P. 

Capsule Tiuasyni B, triasyn B capsules, contain in each capsule not ess 
.’-I. -A—SJ- < e „ „ „r "Whivm and 10 mg. o! niw 


lb liver capsules. As to 
tins concentrate, togethe 
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iNjEtmo B-Vitaminarom Hepatis, liver B-vitamins injection, contains in 
each cc. the equivalent of not less than 0.08 mg. of riboflavin, 0.5 rag. of nicotinic 
acid, and 12 mg. of choline. 

Injectjo Trusyni B Com Hepati, triasyn B with liver injection, contains 
in each cc the equivalent of not Jess than 3 mg. of tbiaraine bydrecbJoride, 
0.5 mg. of riboflavin, 10 mg. of nicotinic acid, and 1 cc. of liver B- vitamins 
injection. 

Tabells Sacharomycitis Sicct, dried yeast tablets. Dose in accordance 
with needs of the patient. 

Pr.itroLiTio.NT.3 Outza;, rice polishings, the fine flaky pericarp and sperm o- 
derm fragments, the embryo, aleurone layer and outer adhering cells of the 
starchy endosperm. 

EmucrwM Perpolttionum Onrz^:, extract of rice polishings Dose, 8 cc. 


Thiamine (Vitamin B,) 

Thiamine was the first recognized constituent of the vitamin B com- 
plex to he isolated in crystalline form It is the antineuritic vitamin 
which prevents beriberi and polyneuritis. 


n~cnh,hcj n.c o=c cir, ch,oh 

n,ci icn.- — - n 7 I 

lUn ins-s 
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Thiamine chloride hydrochloride 

In 1930, Williams and C!in<* ‘ ■ • 

structure 'S’ 1,5 '’ 1 • ■ . • * , 

of degrnri.r ■ • , ' * , . 

formula, t • * imgs and chcmi- 

cally is 2- ' * xycthjlthinzoliimi chloride) 

racthv!-^ ~ 

V * ■■ ’ * * • ..is stored in the tissues to a 

lim " ’ ‘ . , a aelicicncy in the food elicits symptoms 

rap»iiy. in pigeons and the smaller animals a deficiency of this vitamin 
in the food may become noticeable in nlwut two weeks, while in dogs 
symptoms may not appear for four weeks. Such of the vitamin as is 
stored is to l>c found in the liver which may contain ten times ns much 
per gram ns is found in voluntary muscles. The henrt contains nlmut 
the same amount in proportion to its weight os docs the liver, while the 
kidneys and brain contain very little. If nn excess of the vitamin is 
administered, it is quite rapidly excreted in the urine, and if diuresis is 
present, the amount of vitamin thus lost will 1* com<^- r .* .n- 
crea^cfl Ordinarily the vitamin is «***'*•* * 1 al 

tract, hut n 5r , ri'" M > »*' * **■*•■' *v ■ .. • *, 


si • *’ ■ >*.**" * - ..;j i^uateil thuier Its 

at* .* ,« up tr» the point r>f the nerds of the l>ody 

hi * ixwond. 

A diet providing insufficient vitamin I? ( leads to malnutrition and 
retarded growth, bill the most characteristic eflrct is the ocrurrtnee of 
polyneuritis, with the usual histological appearances in the nerve trunks. 
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'i hesc symptoms (beriberi) have been observed repeatedly in epidemics 
in man from the. use of polished rice or white bread as the chief con- 
stituent of the dietary. Deficiency of thiamine also results in cardiac 
dilatation and insufficiency with resultant heart failure. This condition 
has been designated as the “wet” type of beriberi, or as the beriberi 
hearty It is most commonly observed in alcoholics whose intake of the 
vitamin is apt to be deficient. This, as well as the polyneuritis, is not 
an infrequent complication of alcoholism and is due to the thiamine 
deficiency rather than to the toxic action of the alcohol, as formerly 
assumed. Improvement in such persons rapidly follows the administra- 
tion of large doses of vitamin 13 1 which is usually given as thiamine 
hydrochloride. Fifty mg. have been given daily by intravenous injec- 
tion without any signs of intolerance and with rapid improvement in 
the condition. Thiamine deficiency is a Iso thought to be responsible 
sometimes for the neuritis seen in pregnancy, alcoholism, diabetes, and 
pellagra. 

The effects of a deficiency of vitamin Bj are perhaps most satisfactorily 
studied by feeding pigeons on the deficient diet. Polyneuritis sets in in 
the course of about three weeks and soon proves fatal. The early symp- 
toms consist of loss of appetite, weakness, lack of vigor, and constipa- 
tion. Signs of impairment of nutrition of the nervous system appear 
later. The lack of appetite is perhaps the most characteristic of the 
early specific symptoms. Later on in the course of the poisoning, the 
nervous symptoms are prominent and consist of convulsive seizures 
with opisthotonus and leg weakness. Marked temperature disturbances 
accompany the acute nervous symptoms in pigeons, there being a pro- 
found fall of perhaps 10° or 12° F. in body temperature in a few hours. 
The normal temperature is regained quickly if the vitamin is furnished. 
Examination of the gastrointestinal tract in pigeons and in dogs shows 
no marked deviation from the normal except that in severe cases in 
dogs there is atony of the stomach, and in pigeons late in poisoning, 
there is retention of food in th'e crop. _ , 

Mechanism and Action. —Study of the blood in thiamine deficiency 
shows an increase in blood sugar and in lactic acid, indicating a marked 
disturbance in carbohydrate metabolism. Vitamin B s acts in the 
body as a co-enzyme, co-carboxylase, which is the pyrophosphoric 
acid ester of thiamine and which is necessary in the chain of carbohydrate 
oxidation reactions of which lactic acid is the starting point. Co-car- 
boxylase can be prepared by heating thiamine with sodium pyrophos- 
phate and phosphoric acid Lactic add loses hydrogen under the influ- 
ence of a dehydrogenase with the formation of pyruvic acid, and thiamine 
acts as a co-enzyme in the oxidative breakdown of this acid. An increase 
in pyruvic acid has been found in the blood, urine, and cerebrospina 
fluid of cases of beriberi and in the blood of thiamine deficient pigeon 
and rats, and these amounts sink to normal in the cured case. , 
vitamin thus exerts a more or less generalized action in the body i 
place of one on a given organ or group of cells and places it 
category of substances involved in biological oxidations and reaucti ■ 

Crystalline vitamin Bi hydrochloride has been adopted as the stan 
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for this vitamin, 3 microgram? m #vw> — ' 1 — ** T - 
U. S. I*, units. A milligram of 
to 333 U. S. P. or Internationa 

for an adult appears to be approximately 1 mg. w ith an optimal intake 
between l:5and 2.5 mg. In general the requirement is proportional to 
the metabolic activity, at least 0 03 mg. being necessary for each 100 
Calories. 

Therapeutic Uses.— Thiamine is a specific for the prevention and 
treatment of beriberi. It may also be of value in certain cases of anorexia 
v hich are due to some dietary disturbance. In cases of interference with 
proper absorption of the vitamin-containing food, the administration of 
concentrates may he advisable. Such conditions may arise from per- 
nicious vomiting, frt m diarrhea, or from tube feeding through an intes- 
tinal fistula. 

Where there is an increased excretion, larger amounts may be de- 
sirable. In cases with an increased metabolism as, for example, in 
' • ' * , *’ ‘ '* ' * itamin Bi are neces- 

hydrochloride (20 

; * u 'ly (Cowgill). 

The prophylactic dose for an infant is 0.5 rag and for an adult, 3 mg. 
However, doses of the order of 10 to 50 mg. may be advantageous in 
treating specific instances of thiamine deficiency 


Preparations 


U. S. P. 

Thiamine Hydrochloride. Small white crystals or crystalline powder, 
having a slight characteristic odor. Average dose, 5 rag. 

Ta Bellas TnLurrNA; HYPRocntonroi, thiamine hydrochloride tablets. Aver- 
age dose, 5 rag. 

For other preparations containing vitamin B ( , see pages 584 and 590. 


B.P. 

Anbvrin* Htdrochlorjdum, thiamine chloride 


Dose, prophylactic, 0.3 


earth Dose, prophylactic, 
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Riboflavin 

Riboflavin, C;tH»N 4 0«, another member of the vitamin B complex, 
was formerly known as vitamin Bi, vitamin G, or as laefoflavin It is 
3S 
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obtained as clusters of fine orange-yellow crystals which arc only slightly 
soluble in water, giving the water a strong yellowish-green fluorescence. 
This greenish fluorescent pigment occurs widely distributed in nature 
in both the plant and animal kingdom. It is also made synthetically. 
It has been obtained from egg white, milk, liver, kidney, egg yolk and 
from such vegetable sources as dandelion blossoms, grasses, etc. The 
fact that the substance was obtained from these different sources was 
responsible for the various names which were applied to it, such as 
ovoflavin, lactoflavin, hepaflavin, renoflavin, etc., but when it was shown 
that these products were all chemically identical the designation ribo- 
flavin was adopted to cover the group. Riboflavin is apparently formed 
primarily in the green leaves of actively growing plants and is concen- 
trated there in larger amounts than in other parts of the plant. Carrot 
tops contain about four times as much of this vitamin as do the roots 
The content of this vitamin in milk is fairly uniform throughout the 
year in spite of the difference in feed available for the cows in winter as 
compared with summer, so that milk forms a dependable source of 
riboflavin. Liver furnishes at least ten times as much of the vitamin as 
docs an equal weight of muscle. 

Chemistry.— Riboflavin has the structural formula: 



It is the dimethyl derivative of iso-alloxnzinc combined with ribose. 
Its chemical designation is therefore GjT-dimetbyl-O-d-l'ribityliso-allox- 
azine. . 

Riboflavin occurs in the animal body as a constituent of, several basic 
enzymes. Thus, combined with protein by means of phosphoric acid, i 
forms the respiratory’ yellow enzyme of Warburg, which is present mol 
cells and takes part in the oxidative processes. It also is a constituen 
of the amino-acid oxidase and xanthine oxidase and possibly of other 
basic enzyme systems. , 

Pathology.— It has been shown that riboflavin is required for grou 
and maintenance of health in rats and presumably in all mamma .s* 
including man. Lack of the vitamin gives rise to the condition desig- 
nated as ariboflavinosis. In man, this is characterized by , ei ’ 
Assuring at the angles of the mouth, and glossitis. The tongue is c e 
with flattened papillce and a purplish-red or magenta discolora i • 
There is a seborrheic follicular dermatitis at the nasolabial to 
Toughening of the skin ^sfcwfcsSdn”) of the mouth and nose, there a 
also ocular manifestations characterized by conjunctivitis, itching, 
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ing. und a Miration of roughness of the eyes (keratitis) and photophobia. 
The cornea is invaded by capillaries which may be seen by examination 
with the slit lamp. Ultimately the vascular circumcorneal proliferation 
may lead to opacity. However, nribofiavinosis rarely, if ever, occurs as 
a clinical entity but merely as part of other avitaminotic disorders as, 
for example, in pellagra. 

Various estimates have been made of the amounts of riboflavin 
nectary for normal human nutrition, and while they differ somewhat, 
it appears that children up to ten years of age require about ] mg. per 
day and adults about 3 mg. per day. 

Therapeutic Use.— Riboflavin is used as a specific in the treatment of 
the characteristic lesions of the tongue, lips, and face and the ocular 
manifestations associated with a deficiency of this vitamin. It is used 
also for the alleviation of symptoms of riboflavin deficiency encountered 
in other dietary deficiencies, particularly pellagra. In these conditions 
riboflavin is administered in doses of 2 to 10 mg. per day depending upon 
the severity of the deficiency. No toxic effects have been noted even 
after relatively large doses. 

Preparations 

U.S.P. 

P: 1 > »v'M ■** , tri** ‘■ ,r - ■ , ■ Vxe.&mg. 

V ,:*v: • ■.•••■ y!/-: !). , 

B.P. 

Riboflavin a. Dose, 0,001 to 0.01 gram 
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Nicotinic Acid (Niacin, P-F Factor) and Nicotinamide 

Nicotinic acid, a third component of the vitamin II complex, occurs 
as white crystals which arc freely soluble in n a ter. Originally u^ed 
successfully in the treatment of “black tongue” of dogs it was very 
soon emploj cd in the treatment of pellagra, a disease of man which is 
now recognized to be analogous to the canine disorder. 

Pellagra was for many tears a widespread disease characterized by 
dermatitis, diarrhea, and dementia. Long believed to be infectious in 
origin, Goldbcrger's classic studies proved conclusively that the dis- 
order was nutritional in origin and due to a deficiency of the P-P (pel- 
lagra-preventive) factor present in yeast, fresh meats, milk, etc. Although 
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long known as a chemical entity, and in fact isolated by Funk in 1911 
from rice polishings in his search for the anti-beriberi vitamin, the rela- 
tion of nicotinic acid to pellagra was not demonstrated until Elvehjem 
m 1937 isolated it from liver concentrates and proved its effectiveness in 
correcting the deficiency of Goldberger’s canine blacktongue-producing 



Nicotinic acid Nicotinic acid amide 

(Niacin) (Niacinamide) 


Chemistry. — Nicotinic acid, as shown in the accompanying formula, 
is pyridine carboxylic acid. It receives its name from the fact that it 
was first prepared by oxidizing nicotine (cf. page 429), the side-chain of 
which is replaced by COOH in this process. 

The amide of nicotinic acid manifests the same therapeutic effects 
as does the free acid, and it is chiefly in this form that the vitamin occurs 
in nature. Moreover, since nicotinic acid when ingested in large closes 
gives rise to certain unpleasant vascular effects, the use of the amide is 
preferred in therapy. 

Action.— Nicotinic acid has been shown to play an important role in 
the enzyme systems of the body. The amide of nicotinic acid is present 
in the diphosphopyridine nucleotide known as co-enzyme I or cozymase, 
and in the triphosphopyridine nucleotide known as co-enzyme II, both 
of which play an important role in carbohydrate metabolism. 

In pellagra the administration of nicotinic acid is followed by rapid 
improvement in the glossitis, stomatitis, and dermatitis. When the 
drug is given intravenously, signs of healing may begin to appear in a 
few hours and the mouth lesions may be completely healed in three 
days. There is also a distinct improvement in the mental state of the 
patient within two or three days of the commencement of the treat- 
ment. Nicotinic acid has no effect upon the polyneuritis of pellagra, 
and it is necessary to give vitamin Bi (thiamine) for this condition, as 
well as riboflavin for the associated symptoms of ariboflavinosis. 

Pharmacology.— Nicotinic acid is not very toxic, but mild symptoms 
of intolerance may follow its administration. These symptoms uhici 
consist of severe flushing, itching, and tingling, particularly of the face, 
ears, and extremities, come on within a few’ minutes when the drug is 
given by mouth, but they last only from ten to twenty minutes. 1 ere 
is no appreciable effect on blood-pressure, temperature, or respirn i°n- 
Ten milligrams given intravenously may be followed at once by cs 
symptoms while oral doses of 50 mg. may have no unpleasant e _ec , 
although these too will sometimes be followed by symptoms. 
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effects are not observed fallowing the administration of nicotinamide 
which is therefore the drug of choice particularly for parenteral use. 

Following its ingestion, nicotinic acid is excreted in the urine in the 
form of its methyl betaine (trigonelline) and in combination with 
glycine (nicotinuric acid). 

Therapeutic Ose. —Nicotinic acid and nicotinamide are specifics for 
the treatment of pellagra. Their administration leads to the disappear- 
ance of the lesions characteristic of the disease, a disappearance of the 
porphyrinuria, and an improvement in the symptoms of the disease. 

The maximum daily dose of nicotinic acid or its amide recommended 
for the treatment of pellagra is 500 mg. divided into ten doses of 50 mg 
each. For intravenous administration a daily dose from 50 to SO mg. 
dissolved in sterile salt solution is effective. One hundred milligrams 
dissolved in a liter of sterile salt solution and given subcutaneously Isas 
also proved efficient. 

The minimum daily requirements for this vitamin are not established, 
but 4 to 12 mg. for children and 15 to 25 mg. for adults h recommended 
as the daily allowance. 

Preparations 
U. S. P. 

Acidum Nicotiniccm, nicotinic acid, niacin, a white crystalline powder 
Dose, 25 mg. 

Tabellas Acidi Nicotinici, nicotinic acid tablets, niacin tablets. Dose, 
25 mg 

Nicotinamidum, nicotinamide, nicottnic acid amide, niacinamide, a white 
crystalline powder, freely soluble m water Dose, 25 mg. 

Tabem-b Nicotinamidi, nicotinamide tablets, niacinamide tablets. Dose, 

25 B.P. 

Acwmi NtconxKOM. Dose, 0.05 to 0.1 gram 

Tabelue Acim NictmNicr. Dose, 0 05 to 0.1 gram. 

Nj cotin ajudtjm Dose, 0 02 to 0.1 gram. 

Tab ella: Nrcon.VASirDr. Dose, 0.02 to 01 gram. 
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Pyridoxine (Vitamin B £ ) 

This member of the vitamin B complex is also a derivative of pyridine. 

It is 2-methy2-^hydroxy-4,5 hydroxymethyl pyridine. It is used in the 
form of the hydrochloride. Its existence was first noted by Gyorgy, 
who found that young rats on a controlled dietary deficiency, developed 
a dermatitis and* acrodynia which was cured by a supplement present in 
yeast which he designated as vitamin B». This dermatitis and acrodynia 
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was at first believed to correspond to that observed in human pellagra 
and to the acrodynia seen in human infants, but this assumed relation- 
ship has been demonstrated to be in error. 


CHjOH 
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Pyridoxins 


Following its synthesis by Harris and Folkers in 1939 pyridoxine has 
been used in various clinical conditions, but its value in human disease 
is not clearly established. Its importance to man has been shown in 
cases of pellagra where certain of the symptoms of the disease were 
relieved by the administration of thiamine, riboflavin, and nicotinic add, 
but certain other symptoms such as insomnia, irritability, weakness, and 
difficulty in walking occasionally remained. The administration of 
50 mg. of synthetic vitamin B 6 to such cases was followed by prompt 
relief of symptoms with rapid increase of strength and ability to walk 
(Spies, Bean and Ashe). It has also been used in certain, neurological 
and neuromuscular disorders, in the vomiting of pregnancy, and in 
agranulocytic angina, but its value in these conditions, is not established. 

The synthetic product possesses a potency equivalent to the natural 
product and is capable of curing the deficiency disease of rats and induc- 
ing growth when given in a single dose of 0.1 mg. 

Pyridoxine is essential for the growth of excised plant roots and for 
certain strains of yeast, fungi and bacteria. Dogs deprived of this 
vitamin develop a typical microcytic hypochromic anemia. It occurs 
principally in the seeds of cereal grains, legumes, yeast, liver, egg yolk, 
meat, and fish. . , 

The mechanism of function of pyridoxine is unknown but it is believed 
to be a constituent of certain enzyme systems concerned in fat metab- 
olism. 
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Pantothenic Acid 

This member of the vitamin B complex was originally known as ^ 
“filtrate” and the “chick antidermatitis” factor. Because of its wi 
occurrence in nature it was also designated as pantothenic acid. } e . 

ically it is N-(«, 7 - dihydroxy - 0 -^dimethyIbutyrylM-aminopropioni 

The role of pantothenic acid in the human is not established. Black 
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rats maintained on a pantothenic add deficient diet turn pray, but this 
vitamin apparently is not the sole anti-graying factor, nor is it involved 
in graying of the hair in the human. Pantothenic acid is a hn essential 
for the optimal growth of certain strains of yeast and bacilli. In the 
chick, pantothenic acid deficiency induces dermatosis 

CH, OH 

HOCH, A Ah CO 

Ah, IIN CHjCHjCOOH 

Pantothenic add 

The royal jelly of the honey bee is the richest known natural source 
of the vitamin. Yeast, liver, eggs, peanuts, and whole wheat are other 
good sources 

Pantothenic acid 13 prepared synthetically and is available in the form 
of the calcium salt. A study of its excretion in inan indicate* that 
3 to 4 mg is the daily requirement, assuming it to be an essential dietary 
constituent. 

REFERENCES 

Brand, leone Am. Jour. Med. Sci., 203, 315,^101-}. 


Biotin 

It has long been known that the growth of jeast on synthetic media 
is retarded in the absence of some substance present in liverwort or in 
growing yeast cultures. This hypothetical substance was designated 
by Wildiers as bios. It was a ho shown that the um* of egg white as the 
source of protein in the rat’s diet gives rise to a dennatifK due to the 
presence of avid in, a protein which combines with a constituent normally 
present in the intestinal tract. Tius substance, which is a bo nm~»ary 
for the growth of yeast cultures, has been isolated ami s.\nthedml and 
designated as biotin. It has the following structural formula: 



The action of biotin in the human ii not known it nottmlir*** the 
protective action of rilwflaxin against the carcinogenic actum of the 
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dye, “butter yellow'' in. rats. Attempts have therefore been made to 
inhibit tumor growth by feeding avidin (which prevents the formation 
of biotin in the intestine) without success. 

REFERENCES 

Do Vignbaud, el al.: Jour. Am. Chem. Soo. 7 64, 188 , 1942 
Harris el al.: Ibid., 66, 1756, 1944. (Synthesis.) 

Rhoads and Abels: Jour. Am. Med. Assn., 121, 1261, 1943. (Cancer.) 

SHOW., et al.: Jour. Biol, Chem., 142, 913, 1942. 

Swbm., et ah: Jour. Am. Chem. Soc., 62, 175, 1940. 

Syndenstricker, el al.: Jour. Am. Med. Assn., 118, 1199, 1942. 

IVootLEYAND Lonosworth: Jour. Biol. Chem., 142, 2S5, 1942, (Avidm.) 


Para-aminobenzoic Acid 

Normal pigmentation of the hair in the rodent, the maintenance of a 
normal fur coat in the rat, growth in the chick, and the multiplication of 
certain, strains of bacteria require the presence of para-aminobenzofc 
acid. This substance which is present in yeast and liver extracts is 
therefore considered as a member of the vitamin B complex. Its role in 
the human economy is unknown. 


COOH 



NH* 


Para-aminobenzoic acid 

Para-aminobenzoic acid has been used recently in the treatment of 
diseases caused by Rickettsia. Encouraging results have been obtained 
in the treatment of experimental tsutsugamushi disease (scrub typhus), 
louse-borne typhus, and Rocky Mountain spotted fever. The drug has 
also been used in the human with promising results. 

REFERENCES 
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Scott and Robbins. Proc. Soc. Exp. Biol, and Med., 49, 184, 19*2^ (Toxicity.; 
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Yeomans, et at.: Jour. Ata. Med. Assn., 126, 349, 1944. (Typhus.) 
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Inositol 

Inositol occurs in plants in the form of a calcium magnesium phos- 
phoric acid combination known as phytin and in muscle (muscle sugarj- 
It is an essential dietary factor of the vitamin B complex. Its dencie^ . 
affects the growth and hair of the mouse, induces “spectacled eje 
the rat, and prevents normal growth in the chick. It is also essen ja 
the growth of certain yeasts and bacteria. 


FOLIC ACID 


m 


Inositol occurs in animal tissues, fruits, anc! vegetables. It is believed 
to exert lipotropic activity, but this is questionable. No clinical disorders 
in the human have been associated with a deficiency of inositol. 


IIOHC 

none 


CHOH 
CIIOH 


0 


CHOH 
Inositol 

(Flexahydroxycyclohexane) 
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Choline 

This constituent of lecithin is also considered as a member of the 
vitamin B complex. It has already been discussed in an earlier section 
(page 444). Its absence from the diet causes perosis in chicks, a condi- 
tion in which there is abnormal shortening and thickening of the bones 
and slipping of the tendons. It also stimulates growth in turkeys, chicks, 
and dogs. A deficiency of choline in the diet of the mammal also gives 
rise to fatty degenerative states in the liver and kidney. 

Choline appears to play a role in transmethylation, that is, in the 
transfer of methyl groups, in the body. 

Choline has been used in the treatment of cirrhosis of the liver and 
hepatitis with promising results. It is administered in the form of the 
hydrochloride in aqueous solution or in the form of tablets of organic 
acid salts in doses of one gram six times daily. Methionine plays a 
similar rdle and has also been used in place of or in conjunction with 
choline. 

REFERENCES 

Barclay and Cooke Lancet, 2, 458, 1945 (Hepatorenal Syndrome ) 
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Folic Acid 

Several strains of bacteria require the presence of a constituent present 
in liver, kidney, and yeast which because of its presence also in green 
leaves was designated as folic acid (folium , a leaf). This vitamin has 
also been designated as the L casei factor because it is essential for the 
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growth of Lactobacillus casei and S. fsccalis It. It has also been desig- 
nated as vitamin M because its deficiency causes a retardation of growth, 
anorexia, and leukopenia in the monkey. In the chick, a macrocytic 
hypochromic' anemia results from its deficiency. "Vitamin Be" as a 
factor required by the chick was originally designated, "Vitamin M" 
the factor needed by the monkey, “factors R, S and U” and the “monte 
eluate factor ” of vitamin B complex are now accepted as identical with 
folic acid. 

Folic acid has been prepared synthetically, and is available com- 
mercially in tablets for oral and in aqueous solution in ampoules for 
parenteral administration. As shown in its accompanying formula, folic 
acid is pteroylglutomic acid. It has been used in the treatment of the 
anemia of tropical sprue, nutritional macrocytic anemia, pernicious 
anemia, and other forms of macrocytic anemia with claims of Success 
(Spies). Its use in leukopenia has also been suggested (Watson d al). 
It is administered in doses of 5 to 20 mg. daily in divided doses orally 
or when necessary by intramuscular injection. 


H H i 

HOOC— C — Jl — C — 

I 

CH, 

HOOO—CHj 



Folio Acid (pteroylglutomic acid) 
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Vitamin Be 

In addition to folic acid and vitamin Be the presence of two other 
members of this group have been demonstrated. These are designated a 
vitamin Bio which is necessary for normal feathering and vitamin w 
which is necessary for normal growth in chicks. 

Ascorbic Acid (Vitamin C, Cevitamic Acid) 

Scurvy has been recognized for many centuries as a disease 
was common among sailors, explorers, and others whose dietaiy 
deficient in fresh fruits, meat, and vegetables. The antiscorbutic ac 
of limes led to its adoption early in the British Navy. . . . f( j 

Szent-Gyorgyi, searching for a respiratory enzyme, first ^ ‘ fe 
ascorbic acid from concentrates of the adrenal cortex, its s r 
was elucidated by Haworth, who showed that it was a lactone re a 
gulonic acid. Svirbely and Szent-Gyorgyi, and Waugh anc 
1932 showed that the compound was identical with vitamin ,‘ s - 
scorbutic vitamin. Reichstein's synthesis of the compotm ma 

, .1 * -1 f r.Ti n InrttP SCa'C- 
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Chemistry.— Ascorbic acid, CeHjOe, is a relatively simple chemical 
compound related to the sugars. It readily undergoes reversible oxida- 
tion, being converted in this process to dehydro-ascorbic acid, which in 
turn may be reduced to the original ascorbic acid. It may thus be 
titrated with 2,6-dichlorophcnol-mdophcnol, a blue dye, in alkaline 
solution, the dye being converted to the reduced colorless form. This 
reaction is used for the chemical assay of the vitamin and for its deter- 
mination in blood, urine, or other body fluids. 



Ascorbic acid Dehydroascorbic acid 

Ascorbic acid is optically active, the levo compound constituting the 
vitamin, the dextro body is practically inactive. Vitamin C is quite 
unstable and is destroyed by prolonged boiling, especially if the reaction 
of the material is neutral or alkaline. In acid media (such as occurs in 
tomatoes) the destruction is slower, but about 50 per cent is said to be 
destroyed by boiling for one hour In the form of preserved foods it 
undergoes slow destruction, but many factors, such as the reaction and 
presence of oxygen, may greatly modify the rate at which it disappears. 
Some of the vitamin is destroyed by the ordinary methods of cookery 
and preservation, and a diet apparently containing a fair amount of 
vegetable food may be rendered insufficient through the methods of 
preparation and storage. 

Occurrence. —Ascorbic acid is found in growing plants but is mainly 
supplied in the form of potatoes, fruits, and fresh green vegetables. 
Potatoes do not contain large amounts, but on account of the large 
quantities of this vegetable which are eaten they furnish an important 
source of this vitamin. It is most abundant in the juice of oranges, 

lemons, and tomatoes. ' ' ' ’ ' ’ --j ’ 

cortex (one rag. per gra 

well as in other tissues , „ , , 

in the vitamin, and the first large-scale production was from this source. 
Rose hips and fir needles also contain large amounts. The average 
vitamin content of orange juice is 06 to 0 7 mg. per cc. and of lemon 
juice 0.47 mg per cc. Dried grains and seeds contain only traces, but 
if they are allowed to germinate, the vitamin is developed, and in case of 
necessity growing malt or peas may be used to supply it. _ The most 
convenient method of transporting it is in the form of lemon juice, which 
retains its activity for a long time, even when dried. Orange juice 
powder or the juice itself, if it is saturated with carbon dioxide gas, will 
retam its vitamin potency for long periods Canned tomatoes are also a 
very important source of this vitamin. Like thiamine, it is not stored 
in the tissues, and a more regular supply is necessary than of vitamin A- 
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Pathology. — Deficiency in vitamin C leads to malnutrition with loss of 
weight and culminates in the symptoms of scurvy, which was formerly 
prevalent in long sea voyages when fresh vegetables were unobtainable, 
and which still occurs occasionally in urban populations from neglect 
and ignorance of the value of fresh vegetable food. In scurvy the chief 
lesions begin along the alimentary canal, and apparently arise from 
injury to the capillaries and arterial walls which leads to exudations and 
hemorrhages. There is soreness and stiffness of the joints. The gums 
are painful and hyperemic and the teeth become loose. These changes 
appear in the guinea pig readily, and this animal is most suitable for the 
investigation of deficiency of vitamin C. 

The vitamin is excreted in the urine in amounts which under ordinary 
circumstances are remarkably constant, but if excessively large amounts 
are taken, the curve of excretion rises sharply to a maximum which is 
reached in about three hours, after which the amount excreted decreases 
rapidly to reach the normal level in a day or two. 

It is probable that the average adult requires at least 50 to 75 mg. of 
vitamin C daily and that a child requires about 40 mg. and an infant 
30 mg. daily. In pregnancy and lactation the daily requirement may 
be as high as 100 or 150 mg. Also in infections, the requirement may be 
high. ' 

Vita min P. -Szent-Gydrgyi isolated from Hungarian paprika and 
lemon juice a substance which he believed controls vascular bleeding. 
The substances responsible for the action were isolated and shown to be 
glucosides of two flavones designated as hesperidin. The status of 
hesperidin as a vitamin is still disputed, and its use clinically for the 
control of hemorrhagic tendency seen, for example, in hypertension, is 
still in an experimental stage. 

Rutin, a flavonol glucoside, which occurs in buckwheat plants, has 
been used as a source of this anti-hemorrhagic factor. 

Therapeutic Uses.— Ascorbic acid is a specific for the prevention and 
cure of scurvy. Early or latent scurvy may occur due to inadequate 
diet or to improper absorption of the vitamin, in which case the admin- 
istration of the vitamin in some form is indicated. 

It has been claimed that various other conditions may result from 
Jack of an adequate amount of vitamin C, but convincing evidence in 
favor of such views is lacking, and the prescription of vitamin C in sue i 
states is not indicated unless they can be definitely shown to resu 
from such a deficiency. Among the conditions for which such claims 
have been made are dental caries, anemia, malnutrition, anorexia, an 
various forms of infections. Vitamin C, like vitamin A, has been esl S" 
nated by some as an “anti-infective” vitamin, but while infections may 
occur in any condition of avitaminosis or malnutrition, it has not c 
shown that these vitamins can directly affect infective processes or * 
as an aid in preventing such infections. . r , 

The healing of wounds is delayed in the presence of vitamin 
fieiency. The vitamin is, therefore, often prescribed in patients o 
ing surgical operations in whom there is a possibility of an ina< eq 
dietary intake of this vitamin. 
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The therapeutic dose of ascorbic acid for infants is 10 tn sn A -i 
the protective dose, 10 me. daily For TJ “ ' , m F‘ daiJ >" 

100 to 150 me and *>' f or respective doses are 

^ here is no evidence for anv detriments 1 
effects from even massive doses (10 grams). 


Preparations 
U. S. P. 


50m^ ELL£ ACm ^ SCORBta > fl8c0rbic a«d tablets, vitamin C tablets. Bose, 

B.P 

Acidum AscoRBicuit. Dose, prophylactic, 25 to 50 mg.; therapeutic, J00 to 
/on mg i daily. ' v 

Tabell>.c Acidi Ascorbici. Doses as in preceding. 

REFERENCES 
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** — ti 9jr jOi*? rvitnmin P 1 

ttion of Arsenic.) 


Vitamin D 

Often spoken of as the antirachitic vitamin, vitamin D is found in 
abundance in cod-liver oil, halibut-liver oil, other fish liver oils, in egg 
yolk, milk, and butter. Being fat-soluble, it was for a time classified 
with the other vitamins having similar characteristics in this respect. 

Its importance lies in its use as a prophylactic and cure for rickets 
’ ■ -■’-■‘-'"■Me In rickets, there is a disturbance 

deification of the bones docs not 
take pwee jilujimiv fant stores less calcium and inor- 

ganic phosphorus than does a normal child, and does not utilize the 
calcium phosphate normally in the process of ossification. An ea re- 
sign of the disease is an increase in the alkaline phosphatase level of the 
1 1 - - -i 'ti.m.o ; b n l«n i low concentration of inorganic phosphorus in the 


tfon in the b ones. )n osteomalacia u»wv. « « *-* - - - * . 

from the skeleton which results in softening of the bones and deformity. 

Chemistry.— The knowledge of the relation of this vitamin to cho- 
lesterol has been gradually evolved. It was early shown that it w as the 
non-saponifiable portion of the oil which was active, and this portion 
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included the sterol, cholesterol, or, in the case of vegetable oils, the 
similar body phytosterol. 

The fact that the curative effects of cod-Jiver oil in rickets.could also 
be obtained by exposure of the body to direct sunlight or to the ultra* 
violet rays from a quartz lamp suggested the possibility that vitamin D 
was formed by activation by light of some constituent, possibly chol- 
esterol, present in the skin. However, it was found that although crude 
preparations of cholesterol when irradiated showed vitamin D activity, 
highly purified cholesterol when similarly treated remained inert. The 
vitamin D formed by irradiation was a result of the presence of ergos- 
tcrol, a sterol first found in ergot and present in yeast, which becomes 
highly antirachitic when irradiated. 

It is now known that several related compounds possess antirachitic 
activity. Irradiation of ergosterol results in the formation of the anti- 
rachitic mixture known as viosterol. The pure crystalline compound 
responsible for the antirachitic activity is calciferol, or vitamin Ds. 
addition to calciferol, irradiation of ergosterol results in the formation 
of a series of other products—lumisterol, tachystcrol, toxistcrol, etc. It 
is the presence of certain of these by-products, some of which are highly 
toxic, that led to some of the unfortunate harmful effects noted soon 
after the introduction of irradiated ergosterol in therapeutics. 
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A second compound possessing marked antirachitic activity ’is 
by irradiating 7 -dehydrocholesteroI, which is prepared from c 10 c 
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ated mixtures. There is a wide margin of safety in the use of purified 
preparations and entire safety in the use of natural preparations. 

Therapeutic Use.— Exposure to sunlight remains for the adult the chief 
means for avoiding avitaminosis D. The routine prophylactic admin- 
istration of some form of vitamin D, ns fish oil, viosterol, or ca]eifero),is 
advocated for children. Vitamin D is a specific for the cure of rickets 
and osteomalacia. The use of some vitamin D preparation is also 
advocated during pregnancy, since the demand .for the vitamin is 
increased by gestation. 

The recommended daily allowance of vitamin I> for children, and 
during pregnancy, is 400 to 800 international units, the latter being 
defined as equivalent in activity to 0.025 raicrograms of crystalline 
vitamin Dj. Premature infants require large doses (1,000 units). For 
the treatment of rickets and osteomalacia the administration of 5,000 
units daily are advocated. In certain cases of “refractory” rickets in 
which the normal response to vitamin D therapy is not observed, massive 
doses may be required. However, when using doses greater than 20,000 
units daily for infants or 50,000 units for a child, weekly determinations 
of the blood calcium level should be made since vitamin D in large doses 
may raise the blood calcium to toxic levels. 

The value of massive doses of vitamin D in chronic arthritis and in 
allergic disorders has not been demonstrated. The efficacy of the vita- 
min in the treatment of psoriasis is also not established. 

The use of dihydrotachysterol, a compound related to vitamin Ds in 
hypoparathyroidism, has already been described on page 552. 

Preparations 
U. S. P. 

Oleovitamina D Synthetica, viosterol in oil, a solution of synthetic vita- 
mins Dj or Dj and dissolved in a vegetable oil and standardized so as to contain 
not less than the^ equivalent of 10,000 U. S. P. vitamin D units in each gram- 
Dose, prophylactic, 0.1 cc. 

For other preparations containing vitamin D see pages 584 and 5S9. 

B.P. 

Calciferol, viosterol. Dose, prophylactic, 0.025 to 0.05 mg.; therapeutic, 
0.05 to 0.075 mg. .. 

Liquor Calctfbkolis. Dose, prophjdactic, 0.3 to 0.6 mil.; therapeutic, 
0.6 to 1 mil. 

Liquor Vitamini D Concentrates. Dose, 0.03 to 0 2 mil. 
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a-Tocopbeiol (Vitamin E) 


. - .. .... > I.OUIU Blow ana appear to be perfectly normal, but 

they sooner or later showed complete sterility. The sterility is due to a 
dehctency in the diet of certain natural foods containing vitamin E, and 
it can he cured by gi-~ — 4 ’ * * 

of the foods. In the 

in severe cases to loss ■ ........rtuwijiiutuiuiu, wune jn me lemaie 

there is death and resorption of the developing embryos. The growth 
of the embryos seems to be normal for a time, but about the eighth day 
there is retardation in development, and fetal deaths occur about the 
twelfth day, although there is considerable variation in this respect. If 
to such a female vitamin E be given, either in the form of the pioper 
food or as an extract, the next generation may result in a normal vigorous 
litter. 

Occuirence.— Vitamin E is found to a certain extent in animal tissues 
such as the muscles, fat and the viscera, but it is not present in large 
amounts. Milk fat also contains little, and cod-liver oil is almost lacking 
in it. On the other hand, it is found in some concentration in plants, 
especially in seeds and green leaves. Considerable amounts have been 
found in egg yolk and liver. The richest source is found in wheat germ 
oil. 

Chemistry.— Emerson .and Evans isolated from the non-SRponifiable 
fraction of wheat germ oil several related compounds which manifested 
vitamin E activity and which proved to be derivatives of chromane. 
Tile most potent of the compounds was an alcohol designated as a-toco- 
phcrol (tokos, childbirth , phero, to bear) and which is now considered to 
be vitamin E. 

Vitamin E, as seen in the accompanying formula, is a hydroxymethyl 
derivative of chromane with a phytol side-chain. It is prepared syn- 
thetically by condensation of phytol with methylhydroqmnone 
Other closely related compounds (/?- and 7- tocopherol) also possess 
some vitamin E activity. 
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Therapeutic Use. -Although originally discovered by its relation to 
sterility, vitamin E deficiency was subsequently found to exert other 
effects as well in the experimental anmal. Thus, rabbits and guinea 
pigs, as well as rats and dogs, on a vitamin E deficient diet develop 
dystrophy and atrophy of the voluntary muscles In the rabbit there 
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is also a decrease in the creatine content of the muscles, with an increase - 
in the urinary output of creatine. Clocks on a vitamin E deficient diet 
develop enceplmlomalacia (softening of the brain). 

Insofar as the human is concerned, the indications for the use of 
' vitamin E remain undefined. There is no conclusive e vidence to indicate 
that it is useful in cases of sterility or repeated abortion, nor is its Value 
in neuromuscular dystrophies and other degenerative nerve disorders 
established. 
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Vitamin K. 

In 1935 Dam observed that chickens which were fed upon a diet 
deficient in certain fat-soluble substances, but adequate in other re- 
spects, suffered from a fatal hemorrhagic condition in which bleeding 
occurred not only from the pin-feathers but also into the subcutaneous 
tissues and muscles. This condition, which was due to a decrease in 
prothrombin in the blood, could be controlled by the administration of 
the non-saponifiable fraction of hog-liver fat, by putrefied fish meal, or 
by feeding alfalfa, cabbage, etc. The protective factor concerned was 
named the “Koagulation vitamin,” or vitamin IC. . 

This vitamin, or substances allied to it, is found widely distribute > 
nature, especially in the vegetable kingdom. It is present in alfa > 
spinach, kale, carrot tops, tomatoes, and in certain vegetable oils sue 
as soybean oil. It is also formed from fish meal under the ac : ion 
bacteria which are capable of synthesizing the vitamin, y & re _ 
importance is the synthesis of this vitamin by the bacteria in the 1 o 
portion of the intestinal tract, as shown by Almquist and o ° ’ ‘ * 
Absorption from this portion of the intestine is minimal in the ^ 
but is usually adequate in mammals, so that they are not » ’ey 
suffer from this form of avitaminosis unless there is faulty absorp 
from the intestine or some form of liver impairment which may in e 
with the synthesis of the prothrombin. . ., * 

Action.— It has been shown both experimentally and clinica y 
the hemorrhagic tendency in biliary fistulse and in obstructive 3 
is due to a deficiency of prothrombin in the blood. The feature c 
to these two conditions is lack of bile in the intestine, which pre 
absorption of vitamin IC In the absence of bile even massive _ 
vitamin K administered orally are frequently inadequate o re 
blood coagulation time to normal. In vitamin K deficiency, P , . g 
bin isjnot formed by the liver and the coagulation time o 
prolonged. 
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Chemistry.— Vitamin Kj as found in alfalfa differs from its vitamer • 
present in putrefied fish meal (vitamin K 2 ). The too compounds have 
the same ring structure, 2-methyl, l, 4- naphthoquinone, but differ 
slightly in the side chain attached to carbon 3. As shown in the ac- 
companying formula, vitamin K, is 2-metI)yI-3-pbyty}-l, 4-naphtho- 
quinone. 



1, 4-Naphthoqumone itself also shows vitamin K activity which is 
greatly enhanced by the introduction of a methyl group The latter 
’ active as vita- 


the chief form 


variable in the 


A solution in 

oil is also available for intramuscular injection. Combinations of 
menadione with sodium bisulfite are soluble in water and may be 
administered also intravenously when necessary. 

Therapeutic Use.— Vitamin K is used in cases of obstructive jaundice 
and in patients with biliary fistula; where there is a tendency to hemor- 
rhage due to a deficiency of prothrombin in the blood. Protiirombin 
deficiency may, however, result not only from the improper absorption 
of vitamin K from the intestine but also from the inability of the liver 
to utilize the vitamin in the formation of prothrombin. Following the 
administration of vitamin K in obstructive jaundice there is an increase 
in prothrombin, a shortening of prothrombin time, and recovery’ from 
the hemorrhagic tendency. 

Vitamin K preparations have also been used in other conditions in 
whioh there is an interference with absorption from the intestine, in 
women during labor as a prophylactic against the occurrence of hemor- 
rhage in the newborn, and in the treatment of the physiological hypo* 
thrombinemia of the newborn It is alv> used ns an antidote to counter- 
act the effect of drugs (e. g., salicylates) which depress the prothrombin 
content of the blood. 

Vitamin K may be administered by mouth and n!«o bv injection. In 
patients with obstructive jaundice, and, therefore, lacking bile in the 
intestine, the oral administration of the vitamin should he accompanied 
by the use of bile itself or of bile salts. Water-Soluble preparation*, 
however, do not require the concomitant administration of bile salts. 

Vitamin K and menadione are administered in do<es of l to 2 mg. 
daily. In cases of overdo e age with dicumarof the administration of 
large doses of the vitamin arc recommended (rf. p. SSI). 
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Trepanations 
tb S. P. 

Menadioni Sodii Bisuefis, menadione sodium bisulfite, a white, crystalline 
powder soluble in water. Dose, 2 mg. 

Injectio. Menadioni Sodii Bisulfitis, menadione sodium bisulfite injec- 
tion, a sterile solution in water. Dose, 2 mg., parenterally. 

B.P. 

MenaJ'hthondm, mcnaphthone, menadione. Dose , 0.005 to 0.01 grain, intra- 
muscularly. 
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K. THE DIGITALIS-SERIES 

The digitalis series embraces a considerable number of .substance.' 
which are characterized by their action on the heart. They are widely 
distributed in the vegetable kingdom in very different botanical families 
and have long been in use for various purposes in civilized and uncivil- 
ized countries. Some of them were employed as remedies by the laity 
long before their ^'irtues were recognized by the medical profession, 
while others have been used as arrow poisons and ordeal poisons by the 
natives of different parts of Africa and the Eastern Archipelago. 

The most important plants which contain bodies belonging to this 
group are Digitalis purpurea (purple foxglove) and Digitalis lanata, 
Slrophanlhus hispulus, or Kombe, and Scilla maritima (squills). Others 
which are less frequently used are Ilclleborus niger (Christmas rose), 
Convallaria majalis (lily of the valley), Apocynum cannabinum (Canadian 
hemp), and Adonis vcrnalis (pheasant’s eye). Similar effects are ob- 
tained from bodies contained in other species of these genera and m 
a large and ever-growing list of other plants, such as Antiaris (upas 
tree), Nerium (oleander), Acocanihera (ouabaio), Erythrophlceum (sassy 
bark or Casca bark), Thevetia, Cheiranthus, Periploca grjrca, an 
CoroniUa. Numbers of other plants resemble digitalis in their enec , 
and moreover these bodies are not confined to the vegetable kingdom, 
for Faust, Abel, and Chen and his co-workers have isolated from vanou 
species of toads substances which induce the same changes in the hear • 
Salts of barium also induce many of the changes characteristic oi 1 
series. . . 

History.— The cardiac glycosides have been used from time i 
memorial principally because of their toxic effects. Stropbantnus, 
example, is still used by primitive tribes to prepare arrorv P 01 * 0 : ’ 
Squill is mentioned in the Ebers papyrus (1500 B- C.) and was use , 
the ancient Egyptians in many illnesses, William Withering, m * 
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first introduced the use of digitalis in his classic monograph, “An Account 
of the Foxglove and Some of its Medical Uses: with Practical Remark, 
on Dropsy, and Other Diseases.” He was led to his discovery by in- 
vestigating the remarkable effects obtained by an old woman m the 
treatment of dropsy. ^ Withering found the beneficent effects to be due 
to the presence of digitalis among the sundry herbs which the “old 
woman of Shropshire’ ’ used in her treatment. 

Because of the tack of information regarding the mechanism of action 
of digitalis, and because of its toxic effects when used indiscriminately, 
the use of the drug gradually fell into disrepute until MacKenzie, in 
1905, reestablished the correctness of Withering’s teachings. Recent 
physiological studies have elucidated the mechanism of its action in 
human disease. Many of the active principles derived from the digitalis 
bodies have been isolated and made available in pure form for clinical 
use, thereby giving a much broader field of application of the drugs as 
well as permitting more exact dosage and control than is possible with 
crude preparations. 

Chemistry. —In the study of the chemistry of digitalis bodies the main 
difficulties have arisen from the fact that in many cases more than one 
active principle is present; that they are present in only very small 
quantities; that all have a very complex structure; and the fact that 
unless special precautions are taken, enzymatic processes niter the 
compounds naturally present in the plant. 

Almost all are glycosides which on treatment with acids are hydro- 
lyzed, breaking up into non-carbohydrate constituents the so-called 
“aglucones” or “genius”, and sugars which, in some cases, possess unusual 
character. Many of the aglucones are chemically very closely related 
and possess the same number (23) of carbon atoms. They are hydroxy- 
lactones of sterol hydrocarbons in which one hydroxyl group is con- 
nected with a sugar molecule or chain of several sugars to form the 
glycoside. The structure of a typical agluione is given in the accompany- 
ing formula for digitoxigcnin 



Digitoxiceoin 
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The differences between the various aglucohcs are due in the resin 
to the number, arrangement, and function of the oxygen atoms present 
in the molecule. The interest and importance of these aglucones con- 
sist in the fact that it is in this portion of the giycosidal molecule that 
the characteristic cardiac action resides. 

The sugar portion of the cardiac glycosides, while itself inert, ap- 
parently through its union with the aglucone gives the special character 
to the molecule which affects its absorption and transport in the organ- 
ism and so influences its specific affinity for cardiac muscle. Several of 
the sugars, e, g., dlgitoxose, eymarose, samientose and digitalose have 
thus far been found to occur naturally only in the cardiac glycosides. 
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Some simple sugars of the cardiac glycosides 

The distribution of the cardiac glycosides in the plant varies in 
different species. In the case of digitalis, the leaves and seeds are 
utilized; in strophanthvs, the seeds; in squill, the’ bulbs; in Convallaria, 
the flowers; and in ouabaio, the wood and bark. In addition, there are 
saponin bodies which do not show the typical digitalis effect on the 
heart but which are extracted along with the glycosides which possess 
the cardiac actions. . ’ , 

Three glycosides — digitoxin, gitoxin, and gitalin-have been isolated 
in pure state from the leaves of digitalis purpurea. Digitoxin, on hydrol- 
ysis with acids, forms one molecule of digitoxigenin (the aglucone of 
the glycoside) and three molecules of digitoxose (a sugar). 

CnHtjOit + 3HtO « C«H>.0» + SCtHnOi 

Digitoxin Digitoxigenin Digitoxose 

Gitoxin, on hydrolysis, forms three molecules of the same sugar, 
digitoxose, and gitoxigenin. 

CuHmOh + 3H,0 » CnHi.O* *f 3C«Hi»0« 

Gitoxin Gitoxtgenin Digitoxose 

Gitalin, on hydrolysis, forms only two molecules of digitoxose and 
gitoxigeninhydrate, which by dehydration forms gitoxigenin. 

C«H»Ou + 2HaO « + 2C0t*O< 

Gitalin Gitoxigeninhydrate Digitoxose 

The glycosides thus far isolated from the seeds of 
differ from those occurring in the leaves. As early as 18/5 bennne 
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berg isolated a crystalline body from the seeds uhich he designated as 
dtgiiahmm terum. This glycoside has the formula C 36 H«0 M . Its 
primary aglucone is gitoxigenin, which is combined with digitalose and 
glucose to form the original glycoside. 

Recently Stoll and Xreis, employing a special technique which 
avoided enzymatic cleavage, succeeded in isolating two new gb cosides 
from digitalis. These correspond to digitoxin and gitoxin, but both 
contain an additional glucose molecule and are designated Purpurea 
glycoside A and B. If these glycosides are subjected to the action of an 
enzyme obtained from the leaves, they undergo hjdrohsis, forming m 
the case of A, digitoxin and glucose, while B forms gitoxin and glucose. 


C.-JIrsOu + FM> 

Purpurea glycoside A 

C«H, 4 0,» + U»0 

Purpurea glycoside It 


C«HmOu + CiHuOi 

Digitoxin Glucose 

C«ll»»Oj» +■ CiitnOj 

Gitoxin Glucose 


From Digitalis lanata a number of crystalline glycosides have been 
obtained which as a group have been designated “digilamd.” This, 
however, consists of a mixture of three isomorphous closely related sub- 
stances, the digikmjds or lanatosides A, B, and C in the approximate 
proportions of 4? per cent digilamd A, 10 per cent B, and 37 per cent 
C. The formula assigned to digiianid A is C«H«Ch«; digiianid B is 
CtfHrsOjo, and digiianid C is CwHjsOjq. These glycosides yield, in ad- 
dition to the aglucone and the carbohydrate, a molecule of acetic acid, 
a substance which had not previously been encountered as a constituent 
of digitalis glycosides. The close relationship of these glycosides to the 
glycosides of digitalis purpurea is shown by the fact that by moans of 
the enzymes present in the leaves digitoxin is obtained from digiianid 
A, gitoxin from digiianid B, and digoxin from digiianid C. I’urpurea 
glycoside A of the official digitalis is said to be identical with dcacetyl- 
diyilanid A and purpurea glycoside B with denecty {digiianid B, the 
purpurea glycosides being obtained by the removal of the acetyl group 
from the corresponding digilanids (Stoll) 

The active principles of the different species of Strophnntbus have 
been studied by Jacobs and Ina co- workers These principles a bo June 
been shown to be glycosides winch break up in the same manner into 
aglucones and sugars. In Strophanthus homfw there arc several active 
glycosides, all bring derivatives of one aglucone, strophanthidin 
(CaHsjOe). One of these substances, cymarin, G 0 II 4 ,O?. lias 1kv» 
shown to be a glj coside of strophanthidin and a sugar, cj marose. The 
other glycosides are combinations of cymann with one or more mole- 
cules of glucose and can be enzymatically cleaved to ey inarm and 
glucose. K-Strophnnthin, whidi is the main sperific constituent of 
hornbe seeds, is a mixture of water-soluble glycosides in which cytnarin 
is combined with tv o or more molecules of gi»co«e 
Strophanthus hispidus also contains cymarin as a ttinstUiant of a 
mixture of glycosides, in which it occurs free and mostly inwnihuution 
with glucose. In the latter case these complex glycosides exist as a 
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water-soluble amorphous mixture from which cymarin has been obtained 
by enzymatic cleavage. 

From Strophanthus gratus a crystalline glycoside, ouabain, has been 
obtained. It was so named as it was first isolated from the root and 
bark of the Ounbaio tree which is used as a source of an arrow poison 
by the Somalis of East Africa. Ouabain , is one of the most 

important glycosides of this group. Because of its well-defined physical 
characteristics and crystalline structure it served for a time as a standard 
in the United States for the assay of the digitalis group of drugs. 

From Periploca grasca, a plant indigenous to the Black Sea districts, a crystal- 
line glycoside (CmHmOjj), periplocin, has been isolated. This glycoside is a com- 
bination of glucose with & similar glycoside, periplocymarin (C JS H«0,). Tics 
in turn yields, on hydrolysis, an aglucone, periplogenin, and the sugar, cymarose. 

Antiaris toxicaria, the upas tree of the Malayan Archipelago, yields two 
glycosides, a and /5-antiarin, which, on hydrolysis, yield too same aglucone, 
antiarigonin, but different sugars. 

From Scilia maritima or Squills, a crystalline glycoside, scillaren A (C«lhA»). 
has been, isolated as well ya an amorphous glycoside, scillaren B, which may he 
a mixture. Scillaren A yields an aglucone, scillaridine, and a sugar. In certain 
of its chemical reactions the aglucone scillaridine differs from the aglucones of 
the digBahs-sfcroph&nthus group (Stoll). 

From Thevetia neriifolia a cardiac glycoside, the ve tin, Ci;>H«Oij.2BiO, has 
been obtained. The sugar component has not been determined, and the aglucone 
has been obtained only in the amorphous form (Chen). 

As mentioned earlier, in addition to the active principles possessing the char- 
acteristic cardiac effects and which are obtained from various plants, there are 
also the toad-venoms obtained from the secretions of certain glands of these 
animals. In the case of Bufo agua , Abel and his co-workers obtained anon* 
nitrogenous crystalline principle, bufagin. From Bufo vulgaris, , Welland and 
his collaborators obtained bufotalin, which was related to bufagin and a mow 
complex non-glycosidal substance, bufotoxin, which consists of bufotaun in 
combination with arginine and suberic acid. More recently Chen, Jensen aod 
Chen have studied the poisonous secretions of a large number of toads and nave 
demonstrated in the secretion of the parotid glands and also in the skins tne 
presence of bodies having a digitalis-like action. 

The dose relationship of the various glycosides of the digitalis series 
to each other is especially well shown when the aglucones into wmcli 
they are hydrolyzed are arranged in a series, as follows: 

Strophanthidin DJgoxigenm CmH«Oj 

Digitaxigenin Pcripfogonin CnHuO ( 

Gitoxigenm Ouabagenm C»HmO. 

Action. —It is evident from the diversity of their chemical structure 
that the various digitalis-like bodies should differ to some extent w 
their pharmacological ' and therapeutic effects. Unfortunately our 
knowledge of these differences is still incomplete, most of our knowieog 
being based on a study of extracts of digitalis purpurea. , 

Because of its importance in therapeutics the effect of digitalis on 
heart as well as on other organs and tissues has been studied exhaustive y * 
Most of these studies have been made either on isolated prepara ion 
of the perfused heart or on animals with the heart exposed in the °P? n 
chest. Unfortunately the conclusions drawn from such observa to » 
although accurate, are not transferable in many cases to the pro 
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of therapeutics in man. As a matter of fact, much of the confusion 
regarding the mechanism of action of digitalis in cardiac disease of man 
is a result of the^ misapplication of data obtained by the use of large 
doses of digitalis in experimental preparations which are not analogous 
in their effects to the therapeutic doses used in the human 

Another source of confusion has arisen from the fact that the effect 
of digitalis on the functional activity of the heart is different in the 
normal from what it is under pathological conditions. Hence, observa- 
tions based on a normal heart are not applicable to the diseased organ. 

The local effects of digitalis consist in primary irritation,' ' followed 
frequently by paralysis^ of the sensory nerve-endings?’ Thus in the eye 
a small quantity of a solution or a minute particle of the dry poison 
causes the most intense pain, redness, •'and congestion of the conjunctiva 
and all the symptoms of acute inflammation. On the tongue the bitter 
taste is frequently followed b\ burning pain, and if the powder Ik; drawn 
into tile nostrils 'find larj nx, 'marked swelling of the mucous membrane, 
sneezing, coughing,' and hoarseness ard produced in many persons. 
They have little action on the skin, although here too smarting is 
occasionally produced, hut when injected subcutaneously many of them 
cause marked inflammation; which not infrequently ends in the forma- 
tion of abscesses, even though the injection has been absolutely aseptic. 
This irritant action is not equally marked throughout the series, how- 
ever, _for_digitoxin is_much the most powerful in this respect, while 
digitalin may be injected subcutaneously without danger and almost 
without pain. The local anesthetic property is likewise not equally 
developed in all the members of the series, several of them ha\e been 
suggested as local anesthetics for the eje, but their primary irritant 
• effect precludes their use for this purpose. 



senes A, normal. D. dijntalis applied. C. half rhythm berins, and the dnsluk rapidly 
becomes leas complete until the tentricle ceases in a position of i«em icon tract Kin. A . dia- 
cram of the heart in normal condition a. auricle r. \catnde the dotted line represents 
the outline in full s> stole the continuous the outline in diastole D', outline of the heart 
in standstill after digitalis the scntrirle r is fulb contracted, while th* auricles are 
dilated (After f*lilj termann ) 

After absorption the chief s\ mptoins are due to their action on the 
central nervous sj stem and the heart The action on the Central / 
Nervous System consist** in stimulation of some of the nerve centers, 
which is independent of the action on the heart and it limited to the 
matutla oblongata in man} cases. In the frog the excitability of the 
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reflexes is often lowered by members of this series, probably because of 
the intense stimulation of the medulla oblongata; but sometimes a 
distinctly increased irritability is observed. More marked symptoms 
arc produced in mammals, however, by this central nervous stimulation, 
for in these, vomiting is elicited very soon after the injection of large 
quantities long before the heart is very seriously affected, and this is 
due to a direct or reflex action on the centra! nervous system, for'it is 
elicited in the eviscerated preparation. To the same cause is to ta, 
attributed the rap id, deep respira tory_movcments and convulsions, 
which are often observed in the later stages of poisoning and which are 
evidently, not due to cerebral anemia, as 1ms been supposed, for the 
brain at ,1 ‘ ' ’ ■ more blood than it normally 

docs. E libit oiyjsi rdi nc centcrj jijhe 

jnedulla. _ crlmcnjs.oiURammnK ^ ie 

extent to which the members of this scries act as stimulants to the 
nervous centers varies, but as yet little comparative work has been 
done in this direction. 

The action on the Heart is the most important of all and is what 
distinguishes digitalis and its allies from a]] other substances. This 
action has been studied most carefully in the frog, and is here found to 
consist of changes in the generation and conduction of impulses and 
in the contractility. The power of conducting impulses is distinctly 
reduced, and this makes itself evident in the frequent failure of an 
impulse to pass from the auricle to the ventricle, which thus remains 
at rest during a full cycle; very often each alternate impulse of the 
auricle thus fails to reach the ventricle, giving rise to half rhythm; 
or the ventricle may remain in diastole during a scries of auricular 
contractions, or may cease altogether in this* position if very small 
quantities have been injected. This depressant action on conduction 
is accompanied by a less marked reduction of the rate of the auricle 
and sinus arising from fewer impulses being emitted by the pacemaker. 

Along with this depression of conduction, there is a progressive 
increase in the strength of contraction of both auricle and ventricle. 
Soon the relaxation becomes imperfect, and the output falls accordingly; 
though the ventricle continues to empty itself more completely, it no 
longer contains as much blood at the beginning of systole as before. 
Later the apex of the ventricle remains contracted during the 'diastole 
and remains motionless and white, and this state of contraction slowly 
spreads over the rest of the chamber until the ventricle receives no 
more blood from the auricular systole, and the auricles, unable to empty 
themselves, come to a standstill in the dilated position. . 

As a general rule both these actions may be observed intermingled m 
the frog’s heart under digitalis; the effects of the depressed conductive } 
generally precede those of the changed contractility and are elici e 
especially by very small doses. Thus when the minimal lethal dose is 
given, the ventricle is very often found in diastolic standstill from 
failure to receive impulses from the auricle; but if it is now stimula e 
mechanically or electrically, it passes into complete and permanen 
systole. When larger quantities are given, the effects on contracti 1 y 
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are elicited io greater measure, and there may be little tendency to 
ventricular intermission until the chamber is in almost complete svstolic 
arrest. 

The excitability of the frog’s heart muscle is augmented by digitalis, 
tnus if salt solution is led through the excised heart for some time, it 
ceases to beat, but if digitalis is now added to the perfusing solution, 
rhythmical contractions often return. This increased excitability may 
account for a temporary acceleration of the heart rate which is “some' 
times seen in the frog under digitalis. 

Tile action on the^ frog’s heart is a direct one on the muscle, the in- 


in conductivity and augmented in contractility and excitability by 
members of this series; the effect of the conductivity is elicited by 
smaller quantities than are ncc ■ ***. 

Mammalian Heart. -In the ■ s allies , 

also affec.tihc-imtscle_dircctlj, , . ibitory 

action which is absent in the frog. The direct action on the heart 
muscle in the healthy mammal is shown in increased strength of con- 
traction and greater excitability, while there h le53 evidence of the 
depressed conduction which has been described in the frog’s heart. 
Symptoms of reduced conduction occur in the mammal, it is true, but 
here they arise for the most part from inhibitory stimulation and not 
from direct muscular effects. 

The action of digitalis on the healthy mammalian heart may be 
divided into three stages, of which the first and third are always de- 
veloped when sufficient quantities arc administered. The second stage 
may be absent in certain circumstances, but is also generally present 
in poisoning. 

In the first or therapeutic stage of the action of this series (Fig. 55), 
the rhythm of the heart is distinctly slower than before the drug, for 
the inhibitory apparatus is set in activity, and the slowing is accordingly 
due to a prolongation of the pau^e in diastole. The ventricles contract ' 
to a smaller size; that is, they empty themselves more completely than 
they normally do. This increased contraction is, like that in the frog’s 
heart, due to action on the cardiac muscle. The papillary muscles 
undergo the same changes as the rest of the ventricular wall, contracting 
more strongly and. more completely than before the administration of 
the drug. 

The relaxation of the ventricle is found to vary in different conditions 
If the heart is weak and dilated, digitalis and its allies tend to lc"cn 
tins dilatation; that is, the relaxation of the ventricle during diartolc 
is less than before the administration of the drug. If, however, the 
heart is normal, or docs not dilate much during diaMole, digitalis in> 
creases the relaxation (Fig. 55). The variation in the degree of dila- 
tation of the ventricle depends upon the opposing factors— the inhibit ion 
and the muscular action. If the inhibition be the stronger, the % rat ride 
relaxes more completely than before, for vagus stimulation always 
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tends to increase the relaxation of the heart. If, on the other hand, 
the muscular action predominates, the relaxation is lessened, for here, 
as in the frog’s heart, this series tends to lessen the extent of relaxation. 
In the normal heart the application of one of this scries causes, as a 
general rule, an increase in the extent of relaxation. 

It must he added that the inhibition is due to the stimulation of the 
vagus center in the medulla only; the peripheral mechanism is little 
involved, for digitalis hardly slows the heart after section of the vagi, as 
it would do if it acted on the intracardiac inhibitory ganglia or nerve 
ends. 

Each beat of the ventricle thus expels more blood under digitalis 
than before, and if the number of beats per minute remained the same, 
the amount of blood expelled (or the output) would be much increased; 
but the rhythm is slower than normal, and this may more than com* 
pensate for the larger amount of blood expelled by each individual beat. 

J In the therapeutic stage the slowing is not great enough to counter* 
balance the increased output per beat, and a larger amount of blood is 
therefore driven into the aorta and pulmonary artery. 

; The changes in the ventricle, then, are due to inhibitory activity 
and to direct cardiac action, the first tending to lessen the number 
of beats and to increase the relaxation of the fibers, the second tending 
to strengthen the systole and to limit the relaxation while not affecting 
the rhythm. 

In the auricles the inhibitory stimulation causes more or less increase 
in the dilatation, while it lessens the contraction, The muscular action 
is the same here as in the ventricle, causing a tendency toward more 
complete systole and less complete relaxation. After small quantities, 
the rhythm of the auricle is slow, like that of the ventricle, owing .to 
the inhibition; the relaxation is little changed, but, owing to the mus- 
cular action, the contraction is more complete. In but slightly larger 
quantities, however, the inhibitory action causes a less complete con- 
traction, so that the work done by the auricle is actually less than 
before the injection. 

The rhythm of the different parts of the heart is exactly the same 
during this stage, and the changes seen in the right auricle and yentnc 
correspond to those in the left. The conduction of impulses from 
auricle to the ventricle may be slower owing to the connecting er 
being depressed by the inhibitory activity. 

In the second stage of digitalis action (Fig. 55, C\ the symptoms 
due to excessive inhibitory activity, while the direct cardiac ac to 
less developed. The rhythm of the ventricle, and consequently 
the pulse, is very slow and irregular, as is always the case when 
inhibitory apparatus is strongly stimulated. During diastole 
ventricle dilates more completely than usual, while its sysoe 
tinues* powerful, since the inhibitory stimulation increases the re a. 
but has less power to diminish the contraction. Each beat ex P e * r 
blood than normally, but the rhythm is so slow that the oup 
minute and the efficiency of the heart as a pump are less t a 
This is the feature which differentiates the first from the seco 
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t! ' c • s, '™ e , faclore present! in the first stage the efficiency 
of the heart, i. c., theamount of blood expelled per minute, is greater- 
in the second stage it is Jess than before the administration of the drug' 



»»ln kumI nietiuidiii* oulii ciiuuuwis uiuuj pad&iiifc mu* ueiuiuui nun Ian oi tittxtu- 
prcssure to *ero 

Very often the impulses have difficulty in passing from the auricle to 
the ventricle (heart-block) owing to the inhibition of the conducting 
fibers. The ventricle then beats at a slower rate than the auricle, but 
if the irritability of the ventricle is increased at the same time as the 
conduction falls, there may arise a spontaneous rhj thm in the \cntricle, 
which is independent of, and different from, that in the auricle. 

The auricular contractions are much weaker than in the first* stage, 
and even than in the normal heart, and may cease altogether for some 
time, while the chambers do not tend to dilate further as a general rule. 
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This stage of excessive inhibition is not observed in every case of 
poisoning in animals, nor probably in man, although in tlie 'recorded 
instances of poisoning with the members of this series, it seems to have 
been present, as the pulse is said to have been very slow and irregular. 
If the inhibitory mechanism is weak, or is paralyzed by the preliminary 
injection of such drugs as atropine, the second stage is entirely absent. 

When still larger quantities of any of this series are injected, the 
third stage may set in. It is preceded by the first for a short time, gen- 
erally by both first and second. In this stage the ventricular rhythm 
becomes very much accelerated, usually much beyond the normal, and 
even beyond that seen after paralysis of the inhibitory nerves. This 
acceleration is not produced by paralysis of the vagus, for stimulation 
of this nerve sometimes still slows the heart and always causes dilatation. 
It is really due to the drug increasing the irritability of the heart muscle 
to such an extent that the Inhibitory apparatus is no longer able to 
hold it in check. 

The auricles also undergo the same changes. They begin to accel- 
erate their rhythm, which may diverge from that of the ventricle, 
and the difference in rhythm of the two divisions may lead to fi very 
characteristic periodic variation in the strength of the contractions of 
botli auricle and ventricle. This auriculo-ventricular arrhythmia may 
continue for some time, but further irregularities soon present them- 
selves. At intervals, extrasystoles of either ventricle or auricle appear; 
that is, two contractions follow so rapidly on each other that the chamber 
has no time to dilate fully between them and no blood is expelled by 
the second one. These cxtrasystoles become more numerous, and soon 
form groups of two or three, separated by other groups of ordinary 
contractions. The rhythm becomes more rapid and more irregular 
and this culminates finally in fibrillation of the auricle and ventricle 
(Fig. 55, E, p. C21). 

All the features of the third stage arc due to the poison increasing 
the spontaneous excitability of the heart muscle. This increase! 
excitability in the pacemaker leads to acceleration of the beat of t m 
whole heart, but larger amounts arouse the normally dormant area 
in the A— V node and in the ventricle, and lead to impulses being ^ 
charged from them and causing contractions of abnormal origin aw 
irregular rhythm. In the ventricle tins increased excitability wa< 3 ^ 
the development of a rapid spontaneous rhythm, cxtrasystoles, *jn 
finally fibrillation. In the third stage the conduction from 
to ventricle is reduced or completely destroyed, and this change < ^ 
from the impairment of the conduction seen in the earlier. stage- 
being due to the direct action on the muscle and not to the in » n ‘ l 
mechanism. In fact, in the third stage the latter is not an “PPjV. „ 
factor, the increased excitability and decreased conduction bo ' 
from the direct heart action. ntricJes * 

Throughout the whole course of the intoxication the t"o %c ^ u ] )n) 1 
beat in unison, and the two auricles also maintain the Fame 
throughout, but the rhythm of the ventricles may, as has x* n 
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be entirely different from that of the auricles in either tjm second or 
third stage. 

Almost all the features observed in the frog's heart under digitalis 
may also be found in the mammal, and in addition the Utter Chows 
the effects of inhibitory stimulation which are not seen in the frog. 
The inhibition is the cause of the slow rhythm and block in the earlier 
phases of digitalis action in the healthy mammalian heart, and the 
direct action on the conducting fibers can he made out only in the late 
stages of poisoning, in the frog, on the other hand, the slowing and 
block arise from the direct action on!}-. In the mammalian heart in 
extreme malnutrition the reaction resembles that in the frog; the rh\ thm 
is slowed and the conduction is impaired through direct action on the 
cardiac muscle, for it is not pretented by atropine, which excludes all 
inhibitor) aetmt\ . 

Cattell and Gold demonstrated, by means of the isolated papillary muscle of 


necessarv to account for the beneficial effects of the drug upon the action of 
the heart 

Huchner has shown that in cats the administration of large do-es of the 
digitalis group of glycosides is So)] owed by definite nathohpeal changes m the 
cardiac muscle, which may lead to death in c few days, or in the event that n 
second dose of digitalis is given it may lead to death, cicn though the amount 
administered is merely a fraction of the normal lethal do=c (Hauer), 


Vessels.— Small quantities of digitalis and its allies, Mich ns arc used 
in medicine, have no direct action on the Mood-teswK hut larger 
amounts induce changes in the mu-ctifar coat which present some nti d- 
ogv to the < hanges in the heart muscle. The latter, howc\er, is much 
more sensitive to the glycosides than the arterial uaIN, and an amount 
of digitalis which is capable of acting on the vessels proves fatal to the 
heart* in the course of a few minutes. The vascular action has thus no 
therapeutic important It may t»c obn-rvul by perfusing the surviv- 
ing \! sscK with digitalis m Ringer's solution in the frog or /inmunl 
ryii j " "■ "• *' -*• *v— of contracting the 
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increased strength of the cardiac contraction, but also to the slow 
rhythm. When the heart is beating rapidly, the arteries have no time 
to empty themselves completely, and the pulse is small, while on the 
other hand, when digitalis slows the heart, the arteries have time to 
empty their contents into the capillaries before the next contraction 
occurs, the walk therefore become more flaccid, and a new wave of 
blood causes a more distinct impulse. In some cases the pulse remains 
unchanged in rate, but there may be other evidences of the action of the 
drug, such as an increase in the secretion. 

Electrocardiographic records also show that in most cases the pause 
between the auricular and ventricular contractions is lengthened, indi- 
cating that the conduction is impaired (Fig. 50). 

In all subjects, normal as well as those suffering from heart failure, 
alterations in form of the T waves of the electrocardiogram follow the 
administration of digitalis. They are frequently the earliest effects 
observed. The most characteristic and usual effect is negativity of T 3 , 
but in certain cases Ti and T* also become negative. The T wave in 
all three leads sometimes becomes diphasic. Waves which arc negative 
• prior to administration of digitalis may become positive, or the ampli- 
tude only of the waves may be changed. The injection of atropine 
does not modify this digitalis phenomenon, demonstrating that it is 
clue to an action of digitalis upon the heart muscle. 

This change m the electrocardiogram is of considerable importance 
as it is perhaps the earliest sign that digitalis is acting upon the heart, 
appearing as it does before nausea and vomiting disturb the patient 
ox even before changes in rhythm or alterations in conduction time have 
occurred. 

In a series of very carefully controlled investigations Stewart and 
Cohn have shown that in normal individuals an effective dose of digitalis 
decreases the output of blood from the heart and at the same time 
decreases the size of the heart. Changes in the T-wave curve were 
apparent in two and a half hours after the drug had been taken by 
mouth, while the output and area changes began to appear in four 
hours, reaching their maximum within twenty-four hours. Changes 
in arterial or venous pressure were not marked. Following the maximum 
effects of the drug, gradual recovery took place, but the duration of 
action varied widely in different individuals, in some cases return to 
normal being a matter of a few days, while in others normal output 
and cardiac area were not restored for weeks. 

During this period, when the cardiac output is from 65 to 80 per cent 
of normal, the patient is often conscious that the heart is beating force- 
fully, and there is dyspnea on exertion and some cardiac pain, probably 
due to anoxemia of the cardiac muscle from interference with the coro- 
nary blood Sow. 4 , , 

In patients with cardiac failure, either when the cardiac mechanism 
is normal or when auricular fibrillation is present, the cardiac outpu 
is low and, as is well known, the cardiac area is increased and the venous 
pressure is high. In such cases adequate doses of digitalis will increase 
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the output, lessen the cardiac area, and lower the venous pressure 
Slowing of the ventricular rate also occurs. pressure, 

liie great point of difference between tbe «»#--* * *• • - 

norm*' 1 ;->*» - • i • - - 

tlie c 


.... ... * - •♦*«-** j ‘i tiuier case being decreased. 

J Jic explanation of this apparent contradiction is doubtless to be found 
in tlie fact that under norma! conditions the heart size is probably at 
an optimum for the performance of its work as a pump. Digitalis 
decreases its size, as shown hj a change in tlie surface area to three- 
quarters or four-fifths norma!, and to that extent lessens its efficiency 
and therefore its output. 

In tlie enlarged heart of decompensation, however, the cavities are 
dilated, the contractile power in the wall of the heart is inadequate and 
tlie output is correspondingly low. Under digitalis the size of the 
cavities is lessened, hut not to a degree less than normal, and \n this 
state they arc able to eject larger quantities of blood By increasing 
the tone of the cardiac muscle, the size of the cavities is decreased and 
the heart is more effectnely emptied. In addition, the stimulating 
effect of digitalis on the force of contraction furtlier increases the output 
per heat. E\en with a decrease in pulse rate, the effect of digitalis is to 
increase the total output per minute of tlie dilated heart. 

The action of strophanthus and of other purified digitalis bodies 
injected intravenously lias been shown to be essentially like that of 
digitalis except that tlie action is much more rapid than it is with 
digitalis given by mouth In some cases of severe decompensation, a 
few' minutes onlj were sufficient to increase markedly the cardiac output 
and the systolic output (Fraenkel). 
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cardia, the he t u« r ». -nth freouent dropped beats and tenlncular 

£££“* seen, and the T-m aves she* warjeed .nvers.on Time lines represent filths and 
twenty-fifths of ft second 

The me of digitalis sometimes gives rise to irregularities and the 
character of these has received a good deal of attention of late .rears. 
The fir "form arises from the muscular action "-hich may increase the 
■. irr. „t the ventricle or auricle so much that spontaneous beats 

shou,d be 
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watched, and the dose should be reduced (Fig. 57). To what extent 
other fonns of arrhythmia arise from the stimulation of the inhibitory 
meebanism by vagus stimulation is questionable, although tiiis mechan- 
ism was formerly believed to play an important role in the slowing of 
the heart by digitalis in therapeutic doses. The slowing which occurs 
in normal people in correspondence with the breathing (sinus arrhyth- 
mia) may be exaggerated, and the slow, powerful contractions cause an 
unpleasant sensation in the chest. This occurs when the vagus is 



Fw. a — a- — ' 
treated 

auricula ■ ' ,„, w i iu rnyUiio throughout, the 

auricle i: jigiuariy. The radial puh>o intermits at interval, showing 

that the ventricle has not res.|*onded to the imputes which m the auricle gave rise to 
the contractions indicated by a'. (Mackenzie,) 

strongly stimulated from any cause and is not peculiar to digitalis. 
When this form of irregularity sets in, the dose should he reduced or 
the drug omitted altogether for a few days. Not infrequently, a less 
obvious vagus effect causes Jrwwi**:*- - \ . . f 

' • j luiutccnng libers being reduced. 



lief ore the treatment the fibers were able to conduct all the impulses 
'from the auricle to the ventricle. But now an occasional impulse tails 
to pass, or perhaps only one of two impulses passes to the ventric e. 
When an impulse fails to reach it, the ventricle remains in diastole 
(dropped beat) (Fig. 58), and when only one-half of the impulses pass 
to it, the rhythm of the ventricle is only half that of the auricle (na - 
rhythm) (Fig. 59). Or the block may be complete, no impulses passing 
through the fibers at all, and in this ease the ventricle takes up i s o 
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spontaneous rhythm (heart-block) (Fig. (30). Another form of block 
may occur between the sinus and the auricle (sino-auricular block) 
and both auricle and ventricle now intermit a contraction at variable 
intervals. In all these forms digitalis interferes tv itfi the passage of 
impulses fronj the auricle to the ventricle, or from the sinus to the 
auricle, by stimulating the inhibitory mechanism, which lessens the 
conductivity of the connecting fibers. The irregularity therefore disap- 
pears under atropine, which paralyzes the inhibitory mechanism. In 
rarer cases, however, the digitalis heart-block does not arise from the 
inhibitory stimulation but from direct action on the conducting fibers, 
and this form of block, which may be sino-auricular or auriculo-vcntricu- 
lar, is not relieved by atropine. The inhibitory block under digitalis is 
similar to that seen in experiments on mammals in the second stage, 
while the rarer block from direct action is the same as that scon in the 
frog, in the ill-nourished mammalian heart, and in the human heart in 
auricular fibrillation. 
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the force of contraction of the heart. Not only docs the heart contract 
more effectively but it also utilizes its energy more efficiently (Peters 
and Yisschcr). This is aided no doubt by the increased tone which the 
heart manifests under the influence of digitalis, thereby overcoming the 
effects of overdistention which interfere with effective contraction. 

In the doses used in therapeutics it is unlikely that digitalis affects 
the caliber of the vessels and, hence, that any assumed effect on the 
hepatic veins plays a part in abolishing heart failure. 


Tia. Gl. — Electrocardiogram (Lead 11) taken {torn a patient having auricular fibril- 
lation and high grndo digitalis intoxication. Tlio curve shows a ventricular tachycardia 


In fever the Temperature is not infrequently reduced, although it 
remains unchanged after the administration of digitalis to the normal 
animal. This action is said by some to be tlic result of collapse, while 
others believe it to be due to the changes in the circulation, but neither 
of these seems to be a very happy explanation. It has been stated 
already that the members of this scries act ns stimulants to some parts 
of the central nervous system, and a possible explanation of their 
antipyretic action would be an increased activity of the temperature- 
controlling centers. It has been shown by Ilarnack that several central 
nervous stimulants, including picrotoxin, cause a fall in the temperature 
in this way. Injection of digitalis in large doses in patients with con- 
gestive failure, but without cirrhosis of the liver, results in a momentary 
increase in the oxygen consumption and blood-pressure, followed by a 
considerable reduction in both of these functions (Nylin). 

Absorption and Distribution. —The glycosides of this scries arc peculiarly 
susceptible to destruction in the alimentary tract, and there is no doubt 
that a part of those taken by the mouth is rendered inert in the stomach 
and bowel. After a dose of digitalis leaves, the glycosides may be found 
in the stomach and upper part of the small intestine, but none reach the 
large bowel unchanged. In addition, the absorption is very slow 
the alimentary tract for most of the members of the group, and this is 
especially true for strophanthus. Digitoxin and the tincture of digitalis 
seem to form an exception to the rule, ns they are absorbed quite rapidly. 
It has been shown that when full therapeutic doses of the tincture are 
given by mouth an effect, demonstrated by a change in the T wave, will 
be obtained in almost all patients in from three to four hours, and a 
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On hypodermic injection, the (.lycosidn cause marked local irritation 
and a considerable proportion also seems to under/jo decomposition' 
tor much larger quantities arc required to induce changes in the heart 
than are necessary by intravenous injection. Some of the principles 
have been found in the urine and feces, so both kidney and gut share in 
the excretion 


Digitalis bodies may be present in the excessive body fluids of edem- 
atous patients for digitalized persons who .ire given also the organic 
mercurial diuretics with resulting active diuresis frequently dKphv 
symptoms suggestive of digitalis poisoning TJie mobilization of the 
edematous fluid in its passage to the kidneys apparently subjects the 
heart to sufficient additional digitalis to produce the symptoms of poison- 
ing (Scbnitker and Levine). 

After they reach the blood, the action of the bodies of this series is 
very prolonged, the heart only regaining its ordinary rate «e\crnl days 
after the drug has been stopped. If the dose be repeated, the action 
therefore becomes more and more marked (cumulative action) ns the 
glycoside increases in concentration, and a dose which improves the 
condition at first may, if continued, lead to poisoning. The different 
gh'cosides differ in the duration of their action, thus llatchcr estimates 
that seven-eighths of the strophanthin in the tissues H eliminated within 
twenty-four hours, while one-half the principles of digitalis remain 


active after four day s. 

Tolerance.— Some species of animals tolerate much larger quantities 
of the digitalis bodies than others For example, the snake and toad 
arc not poisoned by amounts which would be fatal to the frog. This 
arises from the tissues of these tolerant animals not being susceptible 
to the poisons, and not from any difficulty in absorption or rapidity 
of excretion, for the isolated hearts m these animal* show the sum 
refractory behavior as the intact animal Among the mamma K the 
rat's heart has been shown to be much lc-s susceptible to the action 
of the«e bodies than the rabbit’s. Tolerance lias not Ix-en shown to 1** 
acquired for digitalis and its allies through their prolonged «oe. 

Therapeutic Uses. -Digitalis has Jong been the sheet anchor in treat- 
ment of diseases of the heart, but little was done to cluodatr tts clinical 
action until the early part of this century- Much -Jill remains to be 
investigated, but it has at least been dctcnmncti that it i> *n»i)i more 
efficacious in certain forms of cardiac impairment than in others Its 
most remarkable therapeutic effects are «=cen in cases of rheumatic h«rt 
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disease with auricular fibrillation. In this condition the auricular muscle 
is the seat o! so-called circus contractions which keep that chamber in 
continuous incoordinate activity which prevents its emptying its con- 
tents into the ventricle. The multitudinous impulses generated in the 
auricles descend irregularly to the ventricle, which responds with a 
rapid beat varying not only in rhythm but also in strength; many of the 
contractions are too weak to expel any blood into the aorta, while others 

quite compatible with moderate health for long periods, but sooner or 
later the signs of failing circulation appear, the pulse becomes alarmingly 
rapid, and congestive failure develops quickly. If digitalis is now 
exhibited in full doses, these symptoms of heart failure abate rapidly, 
improvement beginning after six to twenty-four hours, according to the 
method of administration. If strophanthin (0.5 mg.) is injected intra- 
venously, the improvement begins within two hours and is marked in 
eight to twelve hours. In each case the pulse rate falls, and this slowing 



Fig. 62.— Electrocardiogram (Load II). Both of these tracings are taken from a patient 
with auricular fibrillation. The first curve taken before digitalis therapy was started 
shows rapid irregular ventricular responses with an average rate of 1C5 per minute. 'The 
T-waves are upright. The second curve taken after the patient was completely digitalized 
shows the slow regular ventricular responses at an average rate of 56 per minute and 
marked T-wavo inversion. The fibrillation waves (marked F) are clearly seen. Time Imes 
represent fifths and twenty-fifths of a second. 


proceeds in proportion to the general improvement and may -be taken 
as a measure of it. The heart may be slowed from 130 to 150 per minute 
to 50 to 60 in the course of a few hours, and at the same time the beats 
become stronger and more equal in size and in time (Fig. 62). The 
auricles continue to fibrillate after the pulse is slowed, but the ventricle 
responds to fewer of the impulses emitted by the auricle and with each 
contraction ejects more blood into the arterial system. 

The slowing of the pulse in auricular fibrillation does not arise from 
inhibitory action alone, for it is not entirely prevented by atropinepn 
fact, when a patient is under digitalis and the pulse is slowed, the in- 
hibitory mechanism is less active than before treatment when the pulse 
was rapid; this is shown by the fact that paralysis of the inhibition by 
atropine does not accelerate the heart so much under digitalis in these 
cases as it did before treatment was begun. In digitalized patients with 
auricular fibrillation, the ventricle is slowed as a result both of inhibition 
of the vagal center, as well as by an extravagal factor, not abolished by 
atropine. The degree of digitalization determines the relative extent to 
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m a healthy lirart digitalis dot, not render the vwtrtSaLt sZ 
and regular a, it drier in auricular fibrillation in man But if this ™. 

ln,llxT ‘ 1 « pcrfu-«l, Im/ly nourished heart, digitalis slows the 
tclltridt and makes it regular exactly ns in clinical cases The thera- 
peutic action of digitalis m auricular fibrillation is thus due to the 
specific muscular action on the strength of contraction and on conduc- 
tion. such ns IS seen m the frog and in the mammalian heart in mal- 
nutrition 


Not infrequently in this condition the dose has to be very forge, and 
if it be continued the patient suffers from nausea and vomiting. Or 
the pufoe max foil to from 50 to 100 per minute (Fig. G2) and become 
regular; the ventricle now responds no longer to impulses from the 
auricle but has developed its on n spontaneous regular rhythm. More 
frequently the heart develop* the bigeminus form shown in Figure GO, 
in which each full beat is followed \cry quickly by a secondary one; here 
the large contraction* arise from auricular impulses, but the excitability 
of the ventricle has rhrn to a point at which it also discharges impulses, 
and this coupled rhy thin is tin* result These are all indications that 
the drug bn" been pushed too far, and they all disappear when the dose 
is reduced. 

hi some o^cs of auricular fibrillation m which the heart is not much 
accelerated, digitalis has no such striking effect, even though improve* 
went occurs under it Even when digitalis relieves the symptoms of 
heart failure in auricular fibrillation, it does not arrest the underlying 
process, and the auricle continue* to beat in its previous irregular way. 
Digitalis pre\ ents the ventricle from being exhausted by increasing (ts 
tone and In limiting the number of impulses which descend from the 
auricle That the increase in tone and strength of contraction rather 
than the effect on the conduction sj stem is responsible for the improve- 
ment in the circulation h shown by the fact that quinidine (e/. p. 70S), 
which arre-’t* the irregular beating of the auricle, docs not give the 


implement shown L\ digitalis. 

Digitalis is also used in the treatment of certain cardiac arrhythmias 
It is used in abolishing auricular tachycardia and in preventing the recur- 
rence of the paroxysms In auricular flutter, it is also effective and is 
used in ea=es which fail to respond to quinidine In this condition the 
auricle is again the scat of abnormal excitation and beats at a very high 
rate but quite regularly The ventricle is also regular though very 
rapid and responds to only half of the impulses descending from the 
auricle, the rapid rhythm of the ventricle tends to exhaust it and caffs 
for treatment. Digitalis given m full doses changes the regular flutter 
to fibrillation and at the same time reduces the conductivitj of the 
His bundle, so that the beat of the tentacle becomes ter;- slow, s "“- 
times only 30 to 40 beats a minute- l'j»n stopping the treatment both 
flutter and fibrillation are found to have ceased and the heart beats in 
norma! rliyflra. The explanation seems to be that digitalis, either 
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through its vagus or its muscular action, further excites the auricle and 
changes the flutter to fibrillation; but fibrillation of recent development 
’tends to revert to normal rhythm and when the digitalis action passes 
off, the flutter does not return, but the normal pacemaker resumes 
its sway. 

In other forms of heart disease the effects of digitalis are less spectacular, 
and although improvement undoubtedly results from the treatment, 
there is no such guide as is offered by the slowing of the pulse in fibrilla- 
tion. It is therefore not always easy to determine how far the improve- 
ment is to be attributed to the digitalis and how far to such auxiliaries 
as rest and general treatment. Such measurable symptoms as dropsy 
are often presented, however, and the fall in weight from diuresis under 
digitalis is as significant evidence as the fall in pulse rate in fibrillation. 
In general terms it may be said that improvement is seen in a large 
number of conditions in which the efficiency of the heart is impaired 
and the blood is no longer pumped from the venous reservoirs to the 
arteries in adequate amount. The deficient circulation no longer suffices 
to maintain the nutrition of the'tissues, including the heart, and dilata- 
tion of the heart chambers, congestion of the lungs, edema and dropsy 
follow’; the Sidneys and other organs become overfilled with venous 
blood, and the whole economy is thrown into disorder. The treatment 
obviously comprises rest to relieve the strained organs, along with some 
member of this series to increase the strength of the contractions of the . 
heart and thus to compensate for the disorders which are the primary 
cause of the condition. Under digitalis such improvement occurs; the 
congestion disappears; the kidneys secrete more rapidly and drain off 
the accumulations of fluid in the tissues and cavities of the body. The 
heart itself is better nourished through the acceleration of the blood 
stream and is now able to meet the strain thrown upon it by such damage 
as destruction of the valves. The only action of the drug w’hich seems 
to be necessary for this purpose is its power to increase the strength of 
the contraction. Even in cases where the pulse rate is slow, digitalis 
may exert its beneficent effects by its action in strengthening the force 
of cardiac contraction. In the presence of complete heart block, which 
formerly w’as considered a contraindication to the use of digitalis, 
improvement may follow the use of digitalis in certain cases manifesting 
cardiac insufficiency. 

The beneficial action of digitalis is generally stated to be more obvious 
in disease of the mitral than in that of the aortic valve. Thiswiew may 
have arisen from the fact that mitral disease is often accompanied by 
auricular fibrillation. In some cases of aortic valve failure digitalis 
appears to be of value, but there seems some reason to doubt whether 
it is as often efficacious as in mitral disease, even when the fibrillation 
cases are excluded. 

In experimental lesions of the aortic valves in animals, digitalis is found to 
improve the efficiency of the heart, and a smaller mortality occurs m ammaia 
under treatment than in the controls. 

On the right side of the heart the same action occurs as on the left, 
and in dilatation of the right heart, such as occurs in some pulmonary 
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«"<l arc beneficial, apparently by lammin, 

tin- .strength of the ventricular contraction. 1 

In (111- majority of thc-c non-fibrillating ease? the pulse is not sfolred 
mure (ban can be accounted for li.v the rest and general treatment. In 
n certain Proportion, however, distinct sJouiii£ is observed as the heart 
Como'S Wilder the influence of the drug, or tiie pause between the con- 
traction* of the auricle and ventricle is lengthened; and, as this generally 
dmpprara wilder nfropuic, it is obviously inhibitory in character In 
most cases and thus different from the slowing seen under digitalis j n 
nwncuur fibrillation. 'Hie T irate in the electrocardiogram a/so shows 
alterations from direct action on the heart muscle. 

As regards the irregularities in these non-hhrilhting cases, there is no 
reason to Micu* that <ligita!is has any direct action on them, though 
they may disappear in the course of treatment as the result of the im- 
prm ed nutrition of the heart. 

In numerous acute febrile conditions the heart becomes affected, pos- 
sibly in part by the high temperature but largely from tbe toxic products 
circulating in the blood. The chief cardiac symptoms are dilatation 
with n weak systole and a small “fluttering" pulse In these cases 
digitalis and other similar drugs may at times be of service in slowing 
the accelerated heart and in increasing the extent of systole, and thus 
improving the general circulation In pneumonia more especially, 
improvement ts sometimes seen alter digitalis. In this disease, besides 
tbe toxic action on tbe heart, there may he present more or less obstruc- 
tion of the pulmonary resulting in overwork and dilatation of 

the right heart. However, tbe routine treatment of pneumonia with 
digitalis is to be deprecated on the general principle that a drug is not 
to be prcscrilwd until some .special indication for it appears, unless 
distinct evidence of circulatory disturbance is present, digitalis ought 

. • • ■ • * - — ♦ " ttntfv nf a Hr re scries of cases of 

red with an 

■ ■ percentage 


dition, clue apiJ.il tin v 

the toxin. In any ease, if it is to be employed, it should be given very 

ca ;n "tire /overs the inhibitory mechanism is often less irritable than 
normally, and the activity of the drug must not be estimated by the 

' l0 ™«nic f of the heart, such as very extensive 

fatty degeneration, in myocarditis, endocarditis, and arteriosclerotic 
heart disease, digitalis often is of little or no service, and some authorities 
deprecate its use, chiefly on the erroneous 

Mrtntf-nressure and increase the resistance against which the heart nas 
blooa ? . . -t vWa nie* is easily understood when one con- 


output. ‘“in other cases, while the conn, tun, o, 
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suitable for digitalis treatment, disease of other parts of the body, such 
as extensive arterial degeneration, is said to preclude its use on account 
of the danger of rupture of the arterial walls; and many substitute 
strophanthus for it in these cases in the belief that there" is then less 
risk of the blood-pressure rising to a dangerous height. But as a matter 
of fact there is no reason to anticipate any extensive rise of blood- 
pressure under either digitalis or strophanthus, and the apprehension 
is thus groundless. The same may be said of the supposed danger of 
digitalis in the high blood-pressure of renal and arterial disease. A high 
blood-pressure ought not to be regarded as contraindicating the use of 
digitalis or its allies, for excellent results often fpJJow its exhibition in 
these eases, provided the special indications for digitalis are presented, 
in venous stasis, dilatation of the heart, edema, or deficient urine. 
Digitalis, by increasing the efficiency of the heart, improves the circula- 
tion through the lungs and the blood supply of the brain, and the activity 
of the vasoconstrictor center is abated, leading to a more normal state 
of the circulation and often to a lower arterial tension. 

Recently there has been a tendency to revert to the use of digitalis 
in certain cardiac conditions other than those in which signs of decom- 
pensation are evident. Such patients are diagnosed as suffering from 
chronic myocardial insufficiency. In these cases with an increased 
demand upon the heart it is likely to respond by dilatation followed by 
hypertrophy of the wall. With the hypertrophy the cavities arc likely 
to enlarge still more with stretching of the muscle and still further 
hypertrophy. A limit to the degree of hypertrophy is finally reached, 
and signs of cardiac insufficiency may become evident. The early 
administration of digitalis in these cases before any signs of insufficiency 
have developed is believed to delay the progress of such changes by 
retarding the cardiac enlargement and resulting hypertrophy. 

In the case of experimental cardiac lesions in dogs digitalis apparently exerts 
an inhibiting influence upon hypertrophy of the heart (Schwab and Herrmann). 

In cases of acute heart failure with paroxysmal nocturnal dyspnea or 
pulmonary edema with failure of the left ventricle, the use of intra- 
venously injected strophanthin is preferred to digitalis. 

The diuretic action of digitalis is not advised except where other 
indications than a diminution of the renal secretion are present, for in 
ordinary cases it has much less effect than the xanthine and mercurial 
diuretics. If the anuria be secondary to disturbances of the circulation, 
however, digitalis is the diuretic par excellence and cannot be replaced 
by any of the ordinary means of promoting the urinary secretion, 
although they may advantageously be combined with it. Digitalis and 
a diuretic of the caffeine or mercurial group are often prescribed together 
where large accumulations of fluid have to be removed. 

Several of these drugs are of considerable benefit in pulmonary dis- 
eases accompanied by cough. Thus in bronchitis, more especially m 
cases of old standing, the addition of squill to an “ expectorant mixture 
is often followed by the most satisfactory results. The action here is 
probably twofold. In the first place, the right heart may be dilated 
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Digitalis Intoxication. —Digitalis taken in even large medicinal doses 
often provokes no symptoms unless the dose is frequently repeated. 
Poisonous quantities induce nausea and vomiting with abdominal pain 
and often diarrhea. The patient complains of general depression, head- 
ache, giddiness, and precordial discomfort, and often passes into a stage 
of great muscular weakness and collapse. At times there are also con- 
fusion and hallucinations. The pulse first becomes intermittent and 
then beats regularly at about 40 per minute. Later, it may become 
rapid and irregular, and fatal coma follows. The symptoms sometimes 
do not appear until several hours after the poison has been taken and 
may last for several hours, even days in cases which survive. 

A much more common form of poisoning arises from the prolonged 
use of therapeutic doses. Here the chief symptoms arc headache, gid- 
diness, anorexia, nausea and vomiting, visual disturbances, and bigeminal 
rhythm. More rarely, complete heart block, undue slowing of the 
heart and, very rarely, auricular fibrillation may occur. It is important- 
not to mistake the nausea and vomiting which may occur as a result of 
heart failure for that due to digitalis overdosage. 

Visual symptoms caused by digitalis intoxication are infrequent. 
They consist in colored vision, chiefly white, green, yellow, or red flashes 
of light, colored scotomas, and visual hallucinations. There is no change 
in the visual acuity (Carroll). 

The appearance of any of the above-described symptoms of intoxica- 
tion necessitates the temporary omission of the drug following which the 
symptoms disappear, usually within forty-eight hours. 

Assay.— The importance of this group in therapeutics is so great that 
it is to.be regretted that no adequate method of chemically estimating 
the content of active principles is available. The pharmacopeias 
recognize the advisability of assaying the crude preparations biologically, 
and the active principles may also be standardized in the same way. 
Only by using standardized preparations can there be any certainty 
that the patient is receiving a uniform dose of these drugs. 

In the assay of digitalis by the U. S. P. method the dose lethal to the 
cat is compared with a standard preparation. Attempts have also been 
made to standardize the drug directly on the human in order to over- 
come the discrepancy between the lethal effect and the therapeutic 
effects observed in different preparations. 

In recent years much progress has been made in the preparation and 
marketing of pure glycosides which may eventually replace the use of the 
crude drugs and eliminate the necessity of bio-assay. Preliminary 
attempts have also been made to prepare synthetic glycosides which 
ultimately may be found to exceed the naturally occurring compounds 
in therapeutic value. , 

Methods of Administration. —For ordinary purposes the members ot 
the digitalis group are given by the mouth, and the most suitable prepa- 
rations are pills, capsules, or tablets of powdered digitalis leaf. The 
tincture is less convenient, more difficult to measure accurately, an 
subject to deterioration when diluted. Its use is to be discouraged.. . 

Prior to administering digitalis it is important that the physician 
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h '! asd ! ‘lint the patient has not been taking some form of [Mali's 
P" P f™‘‘°";, In mdeT *;> avoi <l intoxication from an overdose, ifnone 
has been taken recently, one pill (0.1 gram, gr .) oran ,. " ’ T 

xSnilhf The ave fiVe tlm ? the fi o‘ da5 ^ and a slmiIar ™°nnt the 
second da}. The average patient will require 15 to 20 pills to effect 

dlgdal^ation, but because of the great variation in the requirement of 
different patients it is important to witch closely for desirable or harm- 
ful effects after the second day. If none are noted, a similar dose mav be 
continued for the next two days. When the therapeutic effects begin 
Hie daily dose may be reduced gradually until a satisfactory response’ 
is evident, after winch the patient is kept on a maintenance dose which 
is continued thereafter.. This maintenance dose is usually about 0.1 
grarajl pill or tablet) daily but may vary from 0.1 gram every other day 
to twice this dose daily. 

If the condition of the patient is such that a more prompt effect is 
desired, digitalis should be given intramuscularly. If no digitalis has 
been given in previous days, 0.5 gram may be injected deep into the 
gluteal muscles in one dose This may be repeated in several hours if 
circumstances demand. On very rare occasions purified digitalis may 
be injected intravenously, but the use of crystalline preparations is to 
be preferred in these cases. 

More or less elaborate rules based upon the weight of the patient 
have been devised to estimate the dose of digitalis to be given, but such 
figures are at best only suggestive, due to individual susceptibility' to 
the drug Eggleston suggested weighing the patient and discounting 
the weight of the edema fluid. The total dose is estimated as 0.1 gram 
per ten pounds of body weight. Half of this estimated quantity is 
given as the first dose. Six hours later, if there are no e\idences of 
toxicity, a second dose— one-fourth of the total estimated amount— 
is given. Subsequently one-eighth of the total amount is given every 
six to eight hours until the desired therapeutic or toxic effects become 
apparent. _ 

Digitoxin, the chief glycoside of digitalis is also available in crystalline 
form for clinical use. All of the essential therapeutic effects of digitalis 
are produced by digitoxin which has the advantage over the crude drug 
in being uniformly and completely absorhed from the gastrointestinal 
tract. Its dose is, therefore, identical whether given orally or intra- 
venously. Absorption is rapid, occurring in part directly through the 
stomach wall. A full digitalizing dose may be attained following oral 
administration nothin four to ten hours. The emetic action of digitalis 
which is now believed to be partly central in origin, as already indicated, 
and in part due to local action in the gastro-intestinal tract is also 
minimal when the small doses of digitoxin which are required thera- 
neutically are used. The full digitalizing dose of digitoxin, which may 
be given in a single dose, is 1.2 to 1.5 mg. for the average pat, cat. 

About 0.2 mg- daily is required for maintenance. Digitoxin is avail- 
able in tablets of 0.1 and 0.2 mg. and in ampules containing 0.. mg 

^Because of its erratic absorption from the gastro-intestinal tract. 
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strophanthin is administered intravenously. Its effect is demonstrable 
within a few minutes. It is used where rapid digitalization is desired. 
It 'Should be injected very slowly in doses of 0.12 to 0.26 uig. Its 
principal indications are in cases of acute decompensation in which there 
is no time to wait for the slow’ action of oral digitalis, as in acute cardiac 
asthma with paroxysmal dyspnea, acute pulmonary edema of cardiac 
origin, or acute decompensation during the course of febrile diseases, 
and in cases where digitalis has failed or cannot be tolerated. It should 
not be given to a patient who has been receiving digitalis as the two 
drugs act synergistically, nor should it be used in thyrotoxic heart 
disease. It is also contraindicated in cases where the ventricular 
musculature is highly irritable, as evidenced by extrasystolcs, since in 
such cases a fatal ventricular fibrillation may be induced. 

Lanatoside C may also be administered intravenously as well as orally. 
It is efficacious in cases of congestive heart-failure associated with 
auricular fibrillation (Falir and La Due). It appears to be less toxic 
than preparations of digitalis purpurea and may give relief in patients 
who cannot tolerate suflicicnt doses of digitalis jmrpurca. 

A mixture of the three principal glycosides derived from digitalis 
lanata (digilanid) is also available for oral or intravenous administration. 


Preparations 


U. S. P. 

Digitalis, foxglove, digital^ folium, the dried leaf of Digitalis -purpurea and 
assayed to contain 1 U. S. P. digitalis unit in 0.1 gram. 

Capsula: Digitalis, digitalis capsules. Dose, 0.1 gram. 

Digitalis Pulvurata, ])owdcrcd digitalis dried and iwwdcrcd digitalis leaf. 
Dose, 0.1 gram. 

Injcctio Digitalis, a sterile solution for injection. Dose, 1 U. S. P. unit. 
Tabella; Digitalis, digitalis tablets. Do*c, 0.1 gram. 

Tinctura Digitalis, assayed to contain 1 U. S. P. digitalis unit per cc. 
Dose, 1 cc. 

Stropiiantiiinum, strophanthin, glycosides obtained from Strophanthus 
kombe. Dose, 0.0005 grain (1/120 gr.). 

Injcctio Strohiantiiini, a sterile solution in water for injection. Dose, 
0.5 mg. 

Ouabainum, ouabain, a crystalline glycoside derived from Strophanthus gralus. 
Dose, 0.25 mg. intravenously. • 

Injectio Ouabaini, a sterile aqueous solution of ouabain. Dose, 0.25 mg. 
intravenously. 

B. P. 


Digitalis Folium, digitalis leaf. 

Digitalis Pulverata, powdered digitalis leaf. Dose, 0.03 to 0.1 gram. 
Infusum Dioitalis Hecens, infusion of digitalis. Dose, G to 20 mil. 
Tinctura Digitalis, 10 per cent digitalis in 70 per cent alcohol. Dose, 
0.3 to 1 mil. . . , 

— ...” • r nn .* *- r f — maintenance, 


gram. 


STROpnANTiiiNUM-G, ou ' .ravenous } . 

Tinctura Strophanthi. Dose, U.12 to u.«i ran. , . — 

Stropiiantiiinum, a mixture of the glucosides of Iv-Strophantmn. uo , 


0.00025 to 0.001 gram. . _ n _ 

Scilla, squill, the dried bulb of Urginea scilla. Dose, 0.06 to 0.2 gram. 
Acbtum SciLLvE, vinegar of squill. Dose, 0.6 to 2 mil. 
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Jto-ucm, SciUjx Liquid™, liquid extract of Do% 003 lo 

Srmrca Sail*. Dose, 2 to 4 m, I 

d£™? 0 fSf 0X3 ■ n,e, ° f «* •» «e«= «H puriW »«_, 

T/ycruiu Sciluj. Do-*, 0,3 to 2 mil, 

/nd,an Dose, 0 06 to 0.2 gram 
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L. THE NITRITES 

The nitrites have a powerful action on the arteries, in which they 
cause dilation by depressing the muscle of the walls. 

Those which have been examined more carefully are the Nitrite of 
Sodium and the Nitrous Esters of the methane series, especially Amyl 
Nitrite, which fa largely used in therapeutics. In these compounds the 
radicle —NO is attached to the metal or alkyl, through an atom of 
oxygen, the formulas being Na — O — NO, CII 3 — 6— NO, C 3 H, — 0— NO, 
CeHn—O — NO, etc., and the chief constituent is the 0 — NO, the metal 
or radicle being of less importance. A closely allied series of bodies are 
the nitrates, in which the nitrogen has five valencies and is connected 
again to the metal or radicle by oxygen, Na— O — N0 2l CH 3 — 0— NOj. 
CjHir — 0 — NO 2 , etc. The inorganic nitrates differ entirely from the 
nitrites in their effects and are used principally as diuretics (p. 52). 
Some of the more insoluble nitrates (e. g. Bismuth Subnitrate) when 
given by mouth may be reduced in the gastro-intcstinal tract to form 
nitrites and thus exert the action of the latter. Some of the Nitric 
Esters, however, undergo reduction when brought into contact with 
organic matter, and nitrites are thus formed, so that these bodies have 
effects very similar to those of the true nitrites and have to be discussed 
along with them. The best known of such nitrates is the so-called ’ 
Nitroglycerin, which is really the trinitrate of glycerin, CH 2 (0N0 2 )- 
CH( 0 N 0 j)CH 2 ( 0 N 02 ), and is broken up by alkalies into a mixture of 
nitrates and nitrites. The nitrates have practically no action in the 
small quantities given, so that almost all the effects of nitroglycerin are 
due to the nitrite formed. Many other organic nitrates also form nitrites 
in the tissues but none of them with such rapidity as nitroglycerin. 
Two which have been used are solids — Erythrol Teiranitrate and 
Mannitol Ilexanitrate. They act much more slowly and for a longer 
time than nitroglycerin. 

Another series of bodies which may be mentioned as occasionally acting like 
nitrites, although more feebly, are the nitro-bodies. In these the nitrogen is 
attached to the alkyl directly, and not through the intervention of an oxygen 
atom. Examples of these are Nitromethane, H»C — NOj, and Nitroethane, 
CHs — CHi — NO*. Their action is so feeble as to preclude their use in thera- 
peutics and seems due to the — NO* being split off in the tissues. 

The best known member of the group is Amyl Nitrite, and its action 
will first be described, while the points in which the effects of the other 
members diverge from it will be discussed later. 

Symptoms. — After the inhalation of a few drops of amyl nitrite, the 
face becomes flushed, and the patient complains of a feeling of fullness 
and throbbing in the head. Some headache and confusion is often 
present, the pulse is accelerated, and the respiration is somew'hat 
quicker and deeper. The flush is often confined to the face and neck, 
but sometimes spreads over the whole trunk, and passes off in a few 
minutes, unless the inhalation is continued. If large quantities of 
the drug be inhaled at once, however, or if the inhalation be continued 
for some time, a feeling of giddiness, weakness, and eventually stupor 
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foJJoiv, the pulse becomes slow, while the respiration still remains 
accelerated but is shallower and often somewhat irregular; convulsive 
movements may occur, but in general large quantities may be taken 
without actual danger in the human subject. The blood is said to have 
assumed a dark color in some cases, but this seems to be rare. 

Action: Circulation. The flushing and dilatation of the arterioles of 
the head are found to be accompanied and followed by a fall in the 
blood-pressure in man and animals. This is most pronounced in the 
anesthetized animal. The heart is accelerated and its output increased 
and therefore is not responsible for the change The cause, as has been 
repeatedly demonstrated, is the dilatation of the peripheral vessels, 
both arterioles and veins widening very considerably under the influence 
of the drug; the vessels of the abdominal organs and the face are more 


Fio 63 -Tracing of the Mood-pressure (BP) and intestinal volume (1 V.; » a nt. 
Amyl nitrite was inhaled at the point marked with an arrow The blood-pressure falls 
while the volume rises from the dilation of the splanchnic vessels 

affected than those of the extremities. The vasomotor center k not 
concerned in the widening of the vessels, for if amyl nitrite is allowed 
to mss through the medulla without reaching the peripheral vessels, 
no fell of pressure occurs. And stimulation of a constrictor nerve such 
as the splanchnic still produces some rise in the blood-prcssure so that 

regards tneir m nitrite corresponds m extent 
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extent as the nitrite. The direct action on the vessel walls may be 
easily shown by passing blood mto the artery of the amputated extrem- 
ity of an animal and measuring' the amount coming from the veins. 
If a few drops of amyl nitrite are added to the perfused blood, the 
outflow from the vein is greatly increased, although here no nervous 
mechanism can be concerned. 

The acceleration of the pulse is more marked 
in man and the dog than in other animals and 
is the result of the fall in blood-pressure which 
reflexly depresses the tone of the inhibitory 
cardiac center and excites the accelerator ap- 
paratus. The coronary arteries of the heart 
are dilated along with those of other parts of 
the body, with an augmentation of the blood 
supply to the heart despite the drop in sys- 
temic pressure. 

In man the depressor effects of amyl nitrite 
and the other nitrites is much less striking than 
in the anesthetized animal. In fact with thera- 
peutic doses an appreciable drop in pressure is 
observed only in about half of individuals, the 
remainder shotting no or only minimal reductions 
in blood-pressure despite the vasodilation which these substances induce. 
The maintenance of the normal blood-pressure is made possible by the 
compensatory increase in cardiac output which accompanies the vaso- 
dilation. It is only when the dilation is excessive and the heart is unable 
to maintain an adequate output that the blood-pressure drops. 





Fia. 64. — Blood-pressure 
under amyl nitrite taken on 
a slow drum in order to de- 
monstrate the recovery. 
The whole tracing occupied 
some sit minutes. The 
rapid fall of pressure is fol- 
lowed by an almost equally 
rapid return to normal. 
(Cash and Dunstan.) 
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Fia. 65. — ■ ‘ ‘ , 

of the nitrite 

duration aloi " _ ’ 

< 7 , sodium nitrite; D, erythrol tetranitrate. The greatest fall in pressure occurs m ■?> 
but it passes off for the most part in five minutes and entirely in twenty. Nitroglycerin 
acta more rapidly than the last two, and its effects continue almost as long as those 0 
sodium nitrite. Erythrol tetranitrate only exerts its full effect after the action of tne 
others has passed off, (After Bradbury.) 

The increased cardiac output observed following the administration 
of amyl nitrite is accompanied by a decrease in the systolic output, 
i. e. in the amount of blood expelled with each heart beat. The accelera- 
tion of the heart rate, however, is out of proportion to the decrease m 
systolic output so that the end-result is an increased output per minute. 
In conditions in which the ventricular rate does not increase following 
the administration of amyl nitrite, as observed, for example, in some 
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JCS of complete heart block, it k questionable if the administration 

forteS' 'bSrf^T* - ° S 3 “~ i °° 

Large quantities of nm,l nitrite slow and weaken the contractions of 
the heart, oninf to a direct depressing action on the muscle. In the 
frog the heart is usually dosed from the beginning of the application, 
i he Respiration is generally accelerated and at the same time rendered 
deeper b\ amyl nitrite. 

\ot infrequently the breath i= held at first, owing to a reflex from the 
i*™* D1UC0 . ,,S membrane, but this is not so marked as w the inhalation 
of more irritant vapors, such rs chloroform or ether. The acroJeration 
[s the result of the fall in procure lessening the supply of blood to the 
brain and arousing the respiratory center. After long inhalation the 
respiration becomes slower and shallower, and in animals death occurs 
from asphyxia. The walls of the pulmonary vessels arc less affected hv 


vi tut* atxviwuuoii oi tne heart, ’ihc bronchial muscle is apparently 
related by the inhalation of amyl nitrite or by the administration of 
other members of the group bv the stomach, for relief is given in asthma. 
Ax\ old method of inducing this effect is by burning paper impregnated 
with saltpeter and inhaling the fumes, which contain nitrite formed by 
the reduction of the nitrate. 

The Kidneys are not much affected by this series, occasionally a slight 
increase in the urine is observed, at other times a decrease, and after large 
quantities anuria may occur. These effects are evidently due to the 
changes in the caliber of the renal vessels. A small quantity may widen 
them when they are too contracted to allow of the maximal secretion, 
while on the other hand, if the normal caliber is the optimal a nitrite 
may lessen the secretion by lowering the general blood -pressure. When 
large quantities lower the pressure, they inevitably lead to a lessened 
secretion or anuria 

Small quantities of amyl nitrite seem to have no action whatsoever on 
the higher parts of the Central Nervous System. The throbbing in the 
head and slight confusion are evidently due to the fall in general blood- 
pressure. The sight is curiously affected in some people, for when a 
dark object on a white background is looked at, it seems surrounded 
by a yellow ring and that again by a blue one. In the beginning the 
medullary centers may be slightly acted on reffexly from irritation 
of the nasal sensory terminations, and later the fall in blood-pressure and 
consequent anemia of the medulla lowers the activity of the inhibitory 
center for the heart and stimulates the respiratory and vasomotor 
centers. The spinal cord is not acted on m mammals but is depressed 


After large quantities convulsions are often observed, these seem 
to be of cerebral origin, and are probably due to the circulatory changes 
and the formation of methemoglobm- ...... ... 

The Peripheral Nerves and the Muscles are unaffected by the inhalation 
of amyl nitrite, but when the frog’s muscles are exposed to the direct 
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action of the vapor, they undergo a slow, passive shortening and rigor, 
and on periodical stimulation the contractions become rapidly weaker) 
until finally no response is made to the electric shock Involuntary 
muscle is more easily affected than striated fibers, as has been shown by 
the behavior of the intestine and ureters, but even these seem less readily 
paralyzed than the muscle of the vessel walls, the depression and par- 
alysis of which lead to the fall in the arterial tension, as has been already 
stated. Tlie nerve terminations seem to be unaffected even by very 
large quantities, so that as long as a contraction of the muscles can be 
elicited by direct stimulation, it follows also on stimulation of the motor 
nerve, and the vagus terminations in the heart can transmit impulses so 
long as the heart continues to beat. The Temperature is somewhat 
lowered by the nitrite series, owing to the dilatation of the skin vessels, 
but this fall is insignificant. 

During the fall in the blood-pressure, the Blood is diluted by the lymph 
pouring into it from the tissues, while as the pressure rises the concen- 
tration returns to the normal. The nitrites change the hemoglobin to 
methemoglobm and nitric-oxide-hemoglobin, giving a dark chocolate 
color. This does not entail the destruction of the red corpuscles, and 
the compounds are eventually reduced by the tissues, although the 
reduction progresses much more slowly than that of ordinary oxy- 
hemoglobin. In man, usually very little of the hemoglobin is thus 
transformed, and even after large quantities have been inhaled no 
abnormal coloration of the blood is noticeable, but the alteration of the. 
hemoglobin is the cause of death in some animals, through the blood 
becoming incapable of carrying oxygen to the tissues. If, however, 
asphyxia be prevented by the inhalation of oxygen under pressure, the 
tissues themselves are eventually acted on. The formation of methemo- 
globin does not seem to bear any relation to the action of the nitrites on 
the vessel walls and is identical with that caused by other reducing 
bodies, which have no action on the blood-vessels. 

Excretion.— After absorption into the blood, amyl nitrite seems to 
break up with the formation of nitrites of the alkalies. These undergo 
partial oxidation and appear in the urine in the form of nitrates and 
nitrites, but the quantity of these excreted is never equal to the nitrite 
absorbed, so that it seems probable that some part undergoes still 
further change. The amyl disappears and is probably oxidized com- 
pletely, although some may appear in the breath. 

Nitrite of amyl given by the stomach is much less active than when 
inhaled, as the nitrous acid is freed by the gastric juice and immediately 
decomposed. When injected subcutaneously it acts much more slowly 
and weakly than when absorbed by the lungs, and generally gives rise 
to glycosuria and slight diuresis. 

The pharmacopeia! amyl nitrite is a yellow', very volatile fluid, with a 
strong, fruity odor, soluble in alcohol and ether but rapidly decomposed 
by wmter. It consists of the nitrite of iso-amyl for the most part, along 
with small quantities of the nitrites of butyl, propyl, etc. Tw'O to five 
drops are poured on a handkerchief and inhaled. . A convenient prepara- 
tion is the amyl nitrite “pearls," which are thin glass capsules, each 
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containing a dose of the remedy, and one of which is broken in the hand, 
kerehtef "hen necessary. Amyl nitrite is liable to decompose » he, . 
kept for long, and ought to he used only when recently prepared 
Sodmm Nitrite resembles the organic nitrites closelv in action It is 
administered by the stomach, and therefore acts more slow h* than arm I 
nitrite, but its effects last much longer. The gastric juice liberates 
part of the nitrous acid before absorption can occur, and it is immediately 
decomposed and often causes some eructation and may ako give ri-e 
to irritation of the gastro-intcstinal mucous membrane. The nitrite 
absorbed is excreted as nitrate in the urine, although some of it niav 
remain unoxidized. The inorganic nitrites do not as a rule came so 
much headache and flushing of the face and neck as the alkyl compounds 
Nitroglycerin produces the same effects as the other member, of thj\ 
series, but acts more powerfully than cither the inorganic or alky } 
nitrites. It presents M>me minor points of difference, as in earning 
more severe headache in man It is not decomposed in the stomach, 
but on reaching the blood at once breaks up into glycerin, nitrites and 
nitrates. Its action commences very soon after its administration, and 
lasts much longer than that of amyl nitrite. The explanation of its 
greater activity may be that it is absorbed unchanged, but {s then 
broken up at once, while the inorganic nitrites are decomposed in the 
stomach and much of the nitrous acid is lost. Xitroglj ccrin is not 
wholly broken up in the human body, however, for it has Ixwn found 
in the urine, and the headache which so frcqticnth follows its admin- 
istration in man has been ascribed to the undecomposed molecule, and 
not to the nitrite constituent. Nitroglycerin disappears very rapidly 
from the blood of dogs following its intravenous administration Within 
one minute an average of only from 10 to 15 per cent of the amount 
given is detectable as remaining in the bfo<xf and none can be found at 
the end of from fifteen to twenty minutes. It is generally suppled to 
be extremely poisonous, and is prescribed in minute Jomvc, hut it has 
been shown that while very small quantities arc sufficient to produce 
therapeutic effects in man, the toxic dose is enormous m animals. 
Except in individuals who manifest a hypersensitivity to nitrogljeerin, 
the repeated administration of therapeutic do<=es does not induce toxic 
effects. 

A certain depree of tolerance to the nitrite* is sained liy mini from 
their repeated administration. Especially is this true as ntt.ir.fs the 
headache which they often produce, nhereas tolerance is not so ca-ily 
produced against their vascular effects. Also, a fairly complete (toss 

, .msircntlv ovists between the different memliers of the scries. 

’ ' * * the spirit of 

* ■ of gkcvryl 
■ . » and I 2 mg, 

. . ■ drug. It b 

most con\cnientl\ ndminpiemi »».» *■!'*—■ • '' " , “ f ' ' 

under the tongue. nitrites have aNo Ix-cn found to reduce the 

bllS-prevure ' Their decomposition proeeesls more ..Jonll Ilian that 
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of nitroglycerin and hence their action is prolonged. Erythrol tetranitrate 
ancl mannitol hexanitrate are available in the form of tablets. The former 
is administered in doses of 30 to GO mg., the latter in doses of 15.to 30 mg. 
every four to six hours. The use of these drugs is often attended with 
severe headache. Other toxic effects include the formation of methemo- 
globin, a rise in intra-ocular pressure and cardiovascular collapse. 

Ethyl nitrite was formerly used in the form- of a 4 per cent alcoholic 
solution (sweet spirits of niter). When freshly prepared it acts like 
the bther nitrites, but when prescribed along with water, as is usually 
the case, the nitrite escapes rapidly, and it has little effect except from the 
ether and alcohol. 

Therapeutic Uses.— The nitrites were introduced into therapeutics by 
Brunton, who advised their use in angina pectoris to relieve spasm of 
the arteries. Since amyl nitrite also often gives relief in cases in which 
the blood-pressure is not elevated the mechanism of its action in relieving 
the pain of angina pectoris must be attributed to the dilatation of the 
coronary arteries which the drug induces. For rapid, transient effects 
amyl nitrite seems especially indicated, while nitroglycerin and nitrite 
of sodium are more suited to produce a depression of some duration. 
Thus during the attack of angina pectoris, amyl nitrite is often found 
to give instant relief, but if nitrite of sodium or nitroglycerin is admin- 
istered every four to six hours, no attack may occur. The disadvantage 
of the inorganic nitrites is the frequent eructation they produce, while 
nitroglycerin often causes severe headache, which, however, disappears 
in some cases after repeated use or when used in minimal doses. The 
pulse assumes the dicrotic character under all of the nitrite series, owing 
to the reduced peripheral resistance (Fig. GG). 






Fia. C6. — Pulse tracing in ft case of angina pectoris: a, before; b, during the inhalation 
of amyl nitrite. 


The nitrite series may also be used in any condition in which dilatation 
of the blood-vessels is desirable. Its beneficial effects are not due to 
any direct action on the heart, but to the increased blood supply to 
the tissues. Thus in epilepsy the inhalation of amyl nitrite during the 
aura which precedes a convulsion may abort an attack through the 
better vascularization of the brain which it induces. 

The nitrites, particularly the long acting ones, have been advocated 
for the treatment of hypertension. However, their use in this condition 
has met with little success since not only do they induce a lesser drop in 
blood-pressure than is observed in the normal, but this drop when it 
occurs is accompanied by undesirable reactions. Moreover, any reduc- 
tion in blood-pressure induced by such non-specific measures would 
appear to be irrational on the basis of our present concepts regarding 
the mechanism of the disorder. As a matter of fact, the observed lower- 
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Fio 67 —Wood-pressure chart during nr> attack of angina pectoris The pressure, 
originally 140 to 150 row of mercury, rapidly rose to 220. and intense pun «as prt-ent 
over the heart. At A and A, amyl nitrite was inhaled and the pressure fell to 165 mm. 
At P the pain had disappeared The pressure rose again rapidly and at 5 the pain recurred 
slightly and mas very severe at 12 Time in minutes 


X'itrite of amyl has been used Jargeh in asthma and in cardiac dys- 
pnea. Its action is often beneficial and lias been attributed to its 
depressing the bronchial mii«elcs, which are believed to be in a con- 
dition of spasmodic contraction in asthma. In the cardiac cases its 
action in removing the dvspnea ma,\ lie due to its lowering the pres- 
sure in the \vstemic arteries and thus relieving the heart. 

In some cases of headache, nitrite of nmjl is of marled benefit, while 
in others it aggravates the condition This is perfect h intelligible, ns 
some forms of headache maj be due to cerebral congestion and peripheral 
constriction, while others ari-e from anemia of the brain. 

The action and employ ment of nitrites ns antidotes in e\ anide poison- 
ing is discussed on page Bfu 

Preparations 


USP. 

Ainrus Nitkis, aim I nitrite, a dear, volatile Imuid Do«c, 0 2 cc (3 tnin ) 
Srmi-rus Gltcertus Trimtrvtis, spirit of glyceryl tnnitrate, 1 per cent 
etvCervl trinitrate in alcohol Do«e, 00<i ce (I nun ) _ „ . 

Tapellc Gltcerius Tmvmtvns, tablets of nitroglyccnn. Dote, 0 4 mg. 

U/150 gr.). 
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Sodh Nitris, sodium nitrite. Dose, GO mg. 

TABELLEEimunrm.isTETiuNiTnATis.crythrityltetranitratetablets. Dose 
30 mg. 1 

B. P. 

Amylis Nitris. Dose, 0.12 to 0,3 mil. (2 to 5 min.). 

Liquor Glycerylis Trinitratjs, 1 per cent of glyceryl trinitrate in 90 per 
cent alcohol. Dose, 0.03 to 0.12 mil. (j to 2 min.). 

Tadelwg Glycerylis Tri.ntratis. Dose, 0.0005 to 0.001 gram. 

Sodii Nitris. Dose, 0.03 to 0.12 gram ($ to 2 gr.). 

SrnuTus ^Gtiieris Nitrosi, sweet spirit of niter. Dose, 1 to 4 mil. (id to 
CO min.). 

Liquor JEtuyub Nitritis Concentratus, concentrated solution of ethyl 
nitrite. Dose, 0.125 to 0.5 mil. 

Taheli*e Erythrityus Tetranitratis. Dose, 0.015 to 0.00 gram. 
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M. MINOR. DRUGS AND POISONS 

I. MISCELLANEOUS DRUGS 
1. Chaulmoogra Oil 

Chaulmoogra oil is a fatty oil expressed from the seeds of Taraktogenos 
kurzii, a tree growing in Burma and adjacent countries. An oil having 
similar chemical and therapeutic properties is also obtained from the 
seeds of Hydnocar-pns icightiani, H. anthelmintica and other species of 
Hydnocarpus. It has long been used, especially in China, as a remedy for 
leprosy, but, given by mouth, it produced so much nausea and gastric 
irritation that it was not possible to give effective doses. With better 
knowledge of the nature of the active principles of the oil and improve- 
ments in its preparations, it became possible to administer such prepara- 
tions by injection with more encouraging results. ^ 

Chaulmoogra oil consists chiefly of the glycerides of a group ol 
unsaturated fatty acids which are optically active and possess a closed 
five-carbon ring. The most important of these are hydnocarpie acid 
and chaulmoogric acid. The latter compound possesses twelve instead 
of ten CH 2 groups in the side chain as in hydnocarpie acid and is more 
abundant in the oil but is believed to be less potent therapeutically. 



CBAULMOOGRA OIL jjj 

In 1913 Heiser reported apparent cures of leprosy from intramuscular 
injections of the oil. This was a distinct advance but bad the serious 
drawback that the injections were painful and liable to produce local 
necrosis. Rogers got better results from the use of sodium sails of the 
acids by subcutaneous or intravenous injection, and Dean introduced 
treatment by intramuscular injection of ethyl esters 

C - § 

f\R 

BC G~(Cfr,),»COOH HC C~(CH,),* COOH 

H S C CHj H,6 in, 

Rydnocarpic acid Chautmoogric acid 

Though, owing to the very chronic nature of the disease and the fact 
that spontaneous remissions are of common occurrence, the estimation 
of the value of remedies is slow and difficult, reports from leper institu- 
tions in different parts of the world indicated that derivatives of cha»J- 
moogr a oil in certain cases checks the disease and possibly affects jj 
cure in some early cases. Treatment must be carried out for months or 


even years. 

In 1920 Walker and Sweeney showed that, in respect to acid-fast 
bacilli and these only, sodium salts of chaufmoogra acids arc 100 times 
more powerfully bactericidal than phenol. It is supposed that this 
remarkable bactericidal action is due to the action of the unsaturated 
acids upon the waxy envelope of acid-fast bacilli and that this underlies 
the efficacy of chaulmoogra acids in leprosy. 

Among other toxic actions which are liable to occur from chaulmoogra 
oil or its derivatives are nausea and emesis (from local irritant action 
on the stomach but also from central action), hem oh sis, renal irritation, 
and fatty infiltration of the liver. Continuous administration of small 
doses favors calcium retention, while large doses increase calcium 


s in leprosy and has reported 
■ • ic sodium salt of the unsatur- 

ber of related synthetic com- 
pounds have also been tried without success. 

Promin, one of the sulfonamide derivatives described later (p. tol), 
has also been used in the treatment of leprosy with promising results. 

A 5 per cent solution of sodium gvnoeardatc or a solution of the 
sodium soap of chaulmoogra oil is used as a sclerosing agent to produce 
in varicose veins- It is said to be superior to the 3 per cent 
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B. P. 

Oleum Htjjnocauw, the fatty oil obtained from the reeds of Hydnorarpus 
wightrana. Dose, 0.3 to 1 mil. increasing gradually to -i mil.; by subcutaneous 
and intramuscular injection, 2 mil., increasing gradually to 5 mil. 

Oleum Hhotocaoti MrmuovM consists mainly of ctliyi esters of ehaul- 
moopic and hydnocarpic acids, a colorless or yellowish limpid oil, with char- 
acteristic odor and slightly acid taste. Doses as in preceding preparation. 

Soon Mourhgas, sodium morrhuate, a mixture of the sodium salts of fatty 
acids obtained from cod-liver oil. 

Injectio Sodji MonttBt/ATis, injection of sodium morrhuate. Dose, intra- 
venously, as a sclerosing agent, 0.5 to 5 mil. 
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2. Aconitine and Related Alkaloids 

This series embraces a number of alkaloids which resemble each other 
closely in their chemical and pharmacological properties. They ere 
found in a number of species of the Aconitum genus, the best known of 
which are Aconitum napellus, containing Aconitine (C 3 4 UnKOnh Acon- 
itum ferox, Pecudaconitine (C*(H«KOiz), and Aconitum japonieme, 
Japaconitine (Cj<H«NOn). Aconitum napellus is the common garden 
plant known as monkshood, in allusion to the cowl-shaped posterior 
sepal of its flower, or wolfsbane, because of its use in poisoning bait for 
destruction of wolves. 

Another alkaloid which resembles aconitine closely in its pharmacological 
action is Delphinine (C«H<»0?N)- It is found in stavesacre (Delphinium stapm- 
eagria), along with a number of other bases (delphisine, delphinoidine), union 
may be the products of its decomposition. The crushed seeds of stavesacre 
have been used since ancient times for the destruction of head lice but have been 
replaced by less dangerous preparations 

The symptoms caused by aconitine, pseudaconitine, japaconitine, and 
delphinine are very similar, differing mainly in degree and not in kind. Pseuds* 
conitine is more poisonous than japaconitine which in turn is slightly more 
active than aconitine. Delphinine is much less poisonous. 

Symptoms.— After very large quantities of aconitine death may result instan- 
taneously, apparently from simultaneous failure of the heart and central nervous 
system. . , 

If smaller quantities be swallowed, there is noted, after the ordinary hitter 
taste of the alkaloid, a feeling of warmth in the mouth and throat, which agree- 
able at first, soon becomes prickling and tingling, and extends to the stomach 
and eventually to the skin. This is accompanied by a profuse flow of saliva ana 
often bs f vomiting. The pulse is very slow and may be irregular, and later 
becomes weak and imperceptible when symptoms of collapse appear, * t! _ e 
respiration is slow and labored, and great muscular weakness is complained on 
After a time the smarting and tingling of the skin are no longer felt, ana an 
examination the cutaneous sensibility' is found to be much reduced. -The mteui- 
genee remains unimpaired to the last in many cases, although unconsciousnes 
sometimes occurs, and death is generally, but not invariably, preceded by con- . 
vulsions. The pupil is unaffected except when convulsions supervene, when it is 
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are blisters formed, so that aconitine differs entirely from the class of 'skin 
irritants (p 197) It evidently acts by stimulating the terminations of the 
sensory nerves, more especially those of common sensation, while the other 


by section of the nerves, and is therefore attributed to stimulation of the termina- 
tions of the motor nerves m muscles 

Circulation.— After small quantities, the heart does not seem to be affected 
m man, while in maximal therapeutic amounts it is very often accelerated 
through the nausea induced by the irritant effect in the stomach In cases of 
poisoning the heart w very slow and irregular due to stimulation of the inhibitory 
center in the medulla 

In large doses aconitine exerts a further, direct aotion on the heart, which 
suddenly accelerates from the slow vagus rhythm to one far above the normal 
o » - -* - — J "• -* forms follow, one of the most common 

• ventricle contracts before the suncle and 

■ _ ^ n aconitine^ poisoning; it becomes much 


not tne ease, me meuiai symptoms me to ue asciiutu iu me u , m «u<» 

and respiration .... 

The Secretion of saliva is greatly increased by aconitine, from the irritation 

* and in normal 


the 

ould 


In cases of Poisoning in animals, at 
symptoms and not infrequently to lea 

otherwise have been fatal. , , .... . , . „„ 

Aconitine is Excreted mainly by the urine. Minute quantities have also been 
found m the saliva and bile. . . , , 

Eenzaconine is much less poisonous than aconitine and, in fact, can scarcely 
bo included among active poisons, though large quantities act on the heart, 

- • , • . i ; i-- /tonrPM thp rwmiration, It has no 

e but large 
‘ the motor 
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Therapeutic Uses.— The action of aconitine on the sensory nerve 
terminations suggested its local use in cases of neuralgia. Aconitine is 
the most poisonous of the alkaloids, 0.2 mg. taken by the mouth inducing 
distinct symptoms in man; and its use in therapeutics should be dis- 
couraged. 

Preparations 

B.P. 

Aconitum, aconite. 

Linimentum Aconiti, liniment of aconite. 

REFERENCES 

Boehm and WartmaNn: Vcrhandl. d. phys.-mod. Gesellach. zu Wurzburg, 3, 63, 1872. 
C\8ii and DunstaN: Proc. Roy. Soc., London, 62, 339, 189S. / 

Cushny* Heart, 1, 1, 1909. 

Goodson: Jour. Chem. Soc., C05, 1914. (Delphinium.) 

IfABWfra; Arch. {. exp. Path. u. Pfiarm., 69 , 170, 1912. 

Pilcher and SollMaNn: Jour. Phflrm. and Exper. Therap., 6. 360, 1914-15. 

Ringer and Murrell: Jour. Physiol., 1, 232, 1878. 

3. Veratrine 

A number of alkaloids have been Found in species o f' Vcratrum and 
allied genera, and resemble aconitine in their pharmacological action 
Veratrine is found in the seeds of Schccnocaulon officinale or Asagrxa 
officinalis (sabadilla or cevadilla seeds) and also in Vcratrum sabadilla 
and Vcratrum viridc or Green Hellebore. Hellebore is also the popular 
name of Helleborus niger, which differs entirely from Vcratrum in its 
principles and also its action, Veratrine is a mixture of two alkaloids. 
cemdinc and veratridinc. The chief alkaloid of Vcratrum album, White 
Hellebore, is protovcratrinc. Alkaloids of this series have been found in 
several species of Zygadcnus, the Deatli Camas, which is an important 
cattle poison in the Western United States. 

Each of these alkaloids is accompanied by a number of others, most of which 
are imperfectly investigated chemically and pharmacologically. In cevadilla, 
in addition to Veratrine, there are found Cevadilline , Sabadine, Sabadinine, and 

Sabalrine. In ■ ; “i ’*•' Jervine, Pseudo- 

jervine , Rubijc ’ . 1 ellebore contains 

Cevadine, Jertn ' 

Action.— The effects of veratrine resemble those of aconitine very 
closely in their general character and particularly in regard to the 
sensory terminations; but the muscles present a curious reaction to 
veratrine, which is entirely absent in aconitine poisoning. 

The symptoms differ from those of aconitine only in the greater 
tendency to colic and purging under veratrine, and in the presence of 
fibrillary twitching of the muscles and convulsions in the later stages 
of poisoning. 

The prickling of the skin is a striking feature of veratrine poisoning, 
and the same action leads to violent sneezing and coughing when small 
quantities of veratrine come in contact with the sensitive mucous mem- 
branes of the nose and throat. After the irritant action has lasted for 
some time, the sensory terminations in the skin become less sensitive, 
and a feeling of numbness and cold is noted. 
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The most characteristic action of veratrine is that on the Striated 
Muscles. If a small quantity be injected into the lymph-sac of a frog, 
n curious clumsiness and awkwardness in the movements becomes 
apparent, and after a few minutes it is evident that this is due to inability 
to relax its muscles. When a muscle is exposed, it is seen to contract as 
rapidly as usual, but instead of immediately relaxing again, it remains 
shortened and offers resistance to the contraction of the opposing 
muscles. The animal can therefore no longer coordinate its movements; 
for example, it can no longer extend a limb immediately after flexing it, 
as it does ordinarily in crawling, and locomotion becomes very slow and 
ungainly 

This characteristic action is most easily seen on exposing an excised 
frog’s muscle to a solution of veratrine, as long as the muscle remains 
at rest no change is seen, but on stimulating it with a single induction 
shock, it in found that the height of the contraction is increased and the 
.second part of the curve is extraordinarily prolonged (Fig. G8) Instead 
of the almost instantaneous return to the base line seen in the normal 
tracing, the curve shoos generally a slight undulation, and then a very 
slow fall, the period of relaxation generally being twenty to thirty times 
as long ns that in the unpoisoned muscle, and the whole contraction 
lasting five to ten seconds in favorable circumstances. 
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In mammals the changes in the circulation resemble those under aconitine 
except that larger amounts of veratrine are required to produce the same effects 
and the more obvious symptoms of stimulation of the myocardium are not 
elicited. 

As regards the other alkaloids of this series, jervine, sabadilline, and sabadinine 
seem to possess the same action as veratrine, but are much less poisonous. 
Protoveratrine, which has less stimulant effect on the sensory terminations and 
on the muscle fibers, is more poisonous, its action resembling that of aconitine 
as much as that of veratrine. 

Therapeutic Uses. — Veratrine is used in the form of the oleate or oint- 
ment as an external application in cases of neuralgia and is certainly a 
safer remedy than aconite. Veratrum album has been used to reduce the 
pulse rate and the blood-pressure, but its effects are minimal and the 
drug is no longer used for this purpose. 

The chief use of Veratrum viride at present is in the treatment of 
eclampsia. In this condition it is given in doses of 0.3 to 0.6 cc. every 
fifteen minutes until the pulse rate drops below GO or the systolic blood- 
pressure below 120. As long as the patient remains unconscious doses 
of 0.2 to 0.6 cc. are given whenever the pulse rate rises above 80 or the 
blood-pressure above 150. 
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4. Saponin, Sapotoxin and Solanine 

This group comprises a series of glycosides which are very widely 
distributed in plants and which resemble each other in certain reactions 
with living cells. The most poisonous among them are designated by 
the genera! term of Sapotoxins, while Saponin may be used to include 
the less active and the wholly innocuous members of the group. 

These glycosides reduce the surface tension of water to a very marked 
degree, and even dilute solutions form froths like soap when shaken up. 
From this property the plants derive their popular names of soap-root 
or soap-bark. The reduction of the surface tension also explains their 
property of holding insoluble bodies in suspension. The saponins 
have a peculiar affinity for lecithin, which they dissolve, while cholesterol 
forms an insoluble chemical compound with many of them; they tend 
to be deposited on the surface of cells with which they come in contact. 

Saponins or sapotoxms are found in many species of # plants. The chief of 
these are. Ouillaja saponaria, or soap-bark; Saponaria officinalis, or soap- 
wort; Cyclamen Europeum, or sowbread; Polygala senega; Agroslemma githago, 
or corn-cockle; Gypsopkila strulhium and other species; Chamcelirium luteum, or 
blazing Btar; Smilax, various species, including those known as sarsaparilla. 
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In addition, a number of drags contain saponins dons: with other more impor- 
tant principles. T bus digitomn, gitonin and tigonin are met with in didtdh 
purpurea. 


is never present in the tuber of the potato in sufficient quantity to be novious. 
Chemistry.—TTic saponins are glycosides n hicJi on acid J>j drnjy-h 


Action.— The sapotercins have a harsh, acrid, taste, and when sw allowed 
provoke nausea ana often vomiting, with pain and robe, and loss frequently 
diarrhea. They are not absorbed by the normal epithelium of the alimentary 
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Hydrastine (CsiHaiOgN) is readily decomposed into Hydrastinine 
(CuHuOzN) and opianic acid. Chemically hydrastine is nearly related 
to N arcotine (C22H03NO7), one of the opium alkaloids, which differs from 
it only in the possession of another methoxyl group; and narcotine can 
also be decomposed into Cotamine (CijHuNOd and opianic acid, cotam- 
ine differing from hydrastinine again only by a methoxyl. Another 
opium alkaloid, Laudanosine, undergoes a similar decomposition and the 
resulting alkaloid has been shown by Laidlaw to resemble hydrastinine 
in action. The effects of the three original alkaloids, hydrastine, narco- 
tine, and laudanosine, in the body also present many similarities. 

Action.— Hydrastine causes in frogs an increase in the reflex irritability 
and eventually tetanus exactly resembling that produced by strychnine* 
and like it terminating finally in paralysis. 

In mammals the pulse is slowed by comparatively small quantities, 
while somewhat larger doses cause general feebleness, tremor, dyspnea, 
and incoordination in the movements. Very large quantities elicit 
clonic and then tonic convulsions and tetanus, during which the respira- 
tion ceases. 

Canadine in small quantities produces depression and drowsiness fol- 
lowed by complete recovery without further symptoms. In larger 
quantities v. Bunge found that it caused a short stage of excitement, 
which was followed by depression and paralysis of the central nervous 
system. It has little or no effects on the mammalian circulation when 
administered in ordinary doses, but very large quantities cause weakness 
and arrhythmia of the heart. Its injection is followed by violent peri- 
stalsis of the intestine and diarrhea. 

Hydrastinine differs from hydrastine in causing no marked disturbance 
of the centers of motion and feeling save in enormous doses, which 
paralyze the nervous system. 

The most important action of hydrastinine is that on the uterus, 
which increases in tone and often contracts rhythmical/}' and powerfully 
under its influence. This occurs also in the excised organ and is due to a 
direct action on the uterine muscle. There is apparently another effect 
due to stimulation of the ganglia on the fibers of the hypogastric nerves 
supplying the uterus. This nervous action js nbt of importance, how- 
ever, in the pregnant uterus. 

Cotanune differs from hydrastinine in not constricting the vessels or 
strengthening the heart, so that the blood-pressure falls under it. The 
action on the uterus also seems rather weaker. The base obtained from 
laudanosine resembles hydrastinine exactly in action. 

REFERENCES 

FaPK: Virchow's Arch., 142, 360, 1895. 

Hanslik: Jour. Pharm. and Exper. Therap., 10, 523, 1917-18. 

E AintAW. Biochem. Jour., 5, 243, 1910-11 

Macut: Jour. Pharm. and E<per. Therap., 9, 287, 1917. 1 

Perkin: Jour. Chew. Soc., 113, 722, 1918. (Berberine.) 

~ * ' ■” ■ Tt -J -n, lene 1912. (Chemistry.) 

-6, 308, 1895. 

■ ■ 1931. (Canadine.) 



PSLoimizix 


6S9 


0. Aspidosperma or Quebracho Alkaloids 

n ,H'ZrZ k ,» ?“5 bra ^\ bIanco quebracho) contain, a 

oumber of alkaloids wlicii are probably very similar in chemical com- 
position and which seem to possess almost the same action. Tlicv are 
Aspidospermne, Aspidosperniatine, Aspidosaminc, Ilypom'cbrachine 
Quclmchnc and Quelrachanine Another species olAspidospcrma', 
I ajfa, contains two alkaloids t Paytine and Payiamnc, of which IW- 
tine resembles closely the Quebracho alkaloids in its pharmacies) 
action Qucbracbine, or kob.mbine, is also found in the bark at the 
l ohmbche tree (Corynanthc yohimbi). 


oti ... 

me 

use .. - ^uouauti. 01 yuimn unity in vetennnrv medicine and 

also in man to improve sexual power in cases of neurasthenic impotence and 
similar conditions. 
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7. Phlorhizin 

Phlorlifein (or phloridzin) is not used in therapeutics hut fins been 
widely used experimentally in the study of carbohydrate metabolism 
and may therefore be mentioned brief!). It h a gJucmdde (C;iH.*0,»- 
2HjO) found in the rootbark of the apple, pear, chern , and plum tree* 
When given in large quantities by the mouth it sometimes caihes some 
diarrhea in animals, but apart from this its only effect is glycosuria, 
which also follows its injection subcutaneously or intravenously. The 
urine is found to contain 5 to 15 per ceht or even more of Migar, some- 
times along with acetone and oxybutyric acid, so that the intoxication 
seems at first sight to resemble dial>etcs mcllitus in man very closely • 
Phlorhizin induces the same results in man, and the glycosuria is gen- 
erally not accompanied by any other symptom. It differs from true 
diabetes, however, in the fact that tin* *ugar of the hfood is not increased 
in amount. The glycosuria is not due to nny change in the general 
metabolism of the body, therefore, but to some alteration of the renal 
epithelium, bv which the Wood sugar escapes into the urine instead of 
being retained in the body and u*cd as a «ourec of energy This has 
beerfdefinitcly proven by Zuntz, who showed that when phlorhizin va< 
injected into one renal artery', the urine secreted by the corresponding 
kidney contained sugar, while that from the ot! cr remairud normal for 
some time. As the iv\ ailabte sugar is drained off in the urine, the fifties 
rapidly manufacture more and pour it into the blood As long as 
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sufficient food is given, the loss of sugar does-not seem to entail any 
increase in the destruction of the tissue protein, but when phlorhizin is 
given to starving dogs, the waste of sugar has to be made up from the 
tissues, and the nitrogen of the urine accordingly rises in amount, while 
at the same time the liver cells become infiltrated with fat globules. 

references 

Lusk: Ergcbn. d. Physiol., 12, 315, 1910-12, 
v. Merino: Ztschr. f klin. Med., 16, 431, 1889. 

ZempleN and Poona r; Berjehte 75 B, 645, 1942. (Chemistry.) 

Zvntz: Arch. f. Annt. u. Physiol. (Phys. Abtb.), p. 570, 1895. 


n. POISONS WHICH INCREASE METABOLISM 
1. Dinitrophenol 

• During the first World War munition workers suffered from poisoning 
due to dinitrophenol, in many cases the poisoning being severe and even 
fatal. Experiments upon animals showed that the oxygen consumption 
was increased many times and that the site of the action of the drug was 
peripheral rather than central. In 1933 Taintcr, Cutting, and their 
co-workers published the first of their papers upon the subject, confirm- 
ing the earlier work and suggesting that the drug might prove useful 
as a stimulant to metabolism and especially as a remedy to be used in 
obesity. 

Administered to man in doses of from 3 to 5 mg. per kilogram of body weight, 
dinitrophenol increases the metabolic rate from 20 to 30 per cent^and this 
inc . ■ ‘ • V 


of ■ i . 

a sensation of great heat. ... 

Toxic doses are followed by nausea and gastro-intestinal distress, sensations 


increase 1 in lactic acid in the muscles associated with the hign lever in ovei 
110° F. Heat rigor of the muscles rapidly follows, starting in the extremities 
and spreading to the respiratory muscles. , , . 

Numerous cases of idiosyncrasy to the drug have been reported, tne m 
common symptom being a pruritic skin eruption. The rash is usually P r eeea 
by itching which may become very intense, forming a very disagreeable co - 
plication as it leads to excessive scratching. The rash may be of the maemo* 

.. b. loss of sense of taste, and to 

ng together with polyneuritis 
ses, the blood-forming organs 

which has resulted in death. 

■ : . • ects which have followed the 

. n the lens with the formation 

.. . ■ ■ i even to blindness. These 

changes in the eye have been encountered in a number of young women u o 
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!' e ,- dr " K X orfl!r , 1° reduco their vrcsht. It nould seem that the 
cataract formation is the result of a direct toxic effect of the drug. 


metabolism 


Therapeutic Uses.— Dinitrophenol was for a time used for the treat* 
nK*ut of obesity. However, the drug is dangerous as shown by the 
numerous cases of poisoning reported in the literature and by the deaths 
which have resulted from its administration. It has no place in thera- 
peutics. 
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2. Tetrahydronaphthylamine 

A poison may be mentioned here which has the property of causing fever 
temperature and even proves fatal from hyperthermia in some cases Tctra- 
hydro-g-naphthylamme (CioHuNH,) raises the temperature by increasing the 
heat production through muscular movement and by limiting the beat loss 
through constriction of the \essels of the skin and superficial tissues. The 
muscular movement arises from central nervous excitation, and is shown in 

’ ' — - ' "\ygen absorption and the car- 

The constriction of the cuta- 
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in, POISONS WHICH ACT ON THE BLOOD 

I. Nitrobenzol Compounds 


vspn« n Sl.rium“, lid »me"S>™ls»ve movements of the face and jane, leas 
equentty of the nholc body Total unconsciousness and coma arc Mooed 
y arrest of the respiration. 
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These effects are due in part to changes in the blood, in part to central nervous 
action, in which stimulation and paralysis seem to follow one another. The 
blood is found of a chocolate-brown color, and some of the red cells are cither 
..deformed or entirely destroyed. Examined with the spectroscope, methemo- 
globin is very often found in it, while in other cases an absorption line is observed 
between the yellow and the red, which does not seem to correspond to that 
of any of the ordinary hemoglobin products, and has therefore been called the 
nifcrobenzoi-hemoglobm line. The blood contains a much smaller amount of 
oxygen than normally, and artificial respiration or even shaking the blood in 
air fails to oxidize it further, as the combination of nitrobenzol and hemoglobin 
seems to be incapable of absorbing oxygen. Similar changes may be produced 
in venous blood outside the body by shaking it with nitrobenzol. These changes 
in the blood are the cause of the cyanosis, and the imperfect oxidation of the 
tissues leads to the appearance of a number of abnormal products in the urine, 
such as hematoporpnyrin . In animals a gastro-intestinnl catarrh is almost 
constantly produced unless the intoxication is veiy acute, and this occurs even 
when the poison is inhaled or injected subcutaneously. 

Meta&initrobenzol (C*H»(NO*)t) has repeatedly given rise to poisoning in 
the manufacture of explosives. In action it resembles nitrobenzol, but is more 
poisonous, and the gastric symptoms are more marked. Amblyopia and jaundice- 
like coloration of the skin often occur from prolonged exposure to this poison. 
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2, Toluylendiamine 

Toluylendiamine (C«HjCHj(NH>),) has never been used in therapeutics, but 
it is of importance from the light which it has thrown on some forms of jaundice. 
Stadelmann found that its administration in dogs produced the typical symp- 
toms of icterus, while in cats the icterus was less marked, but very large quanti- 
ties of hemoglobin were excreted in the urine. The explanation of this action 
is the destruction of the red cells in the blood, which leads in the dog to the 
formation of large amounts of bile pigments in the liver. Some of this pigment 
is reabsorbed from the bile vessels and leads to typical jaundice. The absorp- 
tion is promoted by a curious increase in the mucus secretion of the bile aucts, 
which renders the bile more viscous, and by thus delaying its evacuation mio 
the intestine favors its absorption into the blood. This increased mucus 
tion is believed to be due to the action of the poison on the secretory ecus o 
the larger bile ducts. The formation of bile pigment from hemoglobin hoera e 
large quantities of iron, which seem to be stored in the liver, spleen, ana do 
marrow. 
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3. Benzol 

Benzol, or benzene, is much less poisonous than its hydroxyl compounds, 
but may give rise to symptoms resembling those of phenol when » but 
in large quantities. It was at one time suggested as a general anestbetic^o^ 
the preliminary excitement is much greater than that seen m the use o ‘ 
form or ether and partakes more of a convulsive character. Even afte unc ^ 
seiousness and anesthesia are attained, the characteristic niuseu , 

the aromatic compounds continues. In some animals it produces x _ 

prolonged convulsions, with only partial loss of sensation, and e\e » 




hydrocyanic or prussic acid 
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tration is mm accepted R c * — * *'*'“.*- 

not exceed eight hours dr 
of inebriation In more * 

ysis and coma Mijicncnc 
urn nan edema 


ijciiiii may occur suddenh from cerebral and pul- 


Iti chronic benzol {xu-*ining there is disturbance of hematopoiesis with 
aplastic lesions in the hone marrow Leukopenia is common but leuco- 
e.ttosis and even leukemia may occur In fact there is suggestive 
evidence that benzene poiMining may initiate leukemia The marked 
fall in the number of the leucocytes of the blood which occurs in benzol 
poisoning suggested its use in some forms of leukemia. It is, however, 
not lin'd for this purpose, .since liettcr results are obtained by irradiation 
or by the injection of radioactive phosphorus. In poly cythemia in which 
there is an abnormal number of red blood cells, radioactive phosphorus 
is a bo preferred to phenylhydrazine which was previously used in this 
disorder. 
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IV. HYDROCYANIC OR PRUSSIC ACID 


in the decomposition products of a few glucosidcs, of x\ filch Amygdalm is the 


action Several plants which contain glucosideS similar to amygdalm have 
given rise to poisoning in cattle, probably from prussic acid being freed from 
the glucosides m the intestine ... . f 

Prussic acid and its salts have practically the same action, although none of 
the latter are so poisonous as the free acid Cyanogen, (CN)*, also resembles 
prussic acid in its effects, but is not so active. 
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The ferrocyanides and other double cyanides are in most cases harmless 
but other compounds, from which prussic acid is formed in the organism, are 
poisonous. The organic combinations containing the — CN radical form two 
series, the Nitriles, in which the nitrogen is trivalcnfc (e. g., CHr— CSN), and 
the lsonilnlcs y ar Carbylatnines, in which the alkyl is attached to the nitrogen 
C e. g ., CH,~-N^C). These compounds arc all much less poisonous than prussic 
acid, and the chief symptoms caused by them arise from gastro-intestina! irrita- 
tion. Tiie isonitriles are more poisonous than the nitriles and resemble the acid 
more closely in their action. # Both nitriles and isonitriles give rise to the forma- 
tion of prussic acid in the tissues. 

Symptoms and Action.— Prussic acid acts upon almost all forms of living 
matter; in mammals the central nervous system is especially susceptible. The 
fatal dose in man is believed to be about 0.05 to O.OS gram (1-1} gr.) of the pure 
acid, so that it is less poisonous than some of the alkaloids and glucosides. It 

acts so rapidly, however, that it must 1 J * - ■ - ■ * • 

One volume of prussic acid in 2,000 of 

After very large doses in mammals, v 

the animal falls to the ground with a slight convulsive movement or a scream, 
and death follows in a few seconds from simultaneous arrest of the heart and 
respiration. 


/ 



Fia. G9. — Tracing of the movements of the diaphragm (respiration) of the rabbit un 
a largo but not fatal dose of cyanide of potassium injected intravenously. A-B, norm 
respiration. At B 1 mg. injected; the respiratory movements are much larger. At 
recovery. Note the short duration of the stimulation. 


In smaller quantities prussic acid has a bitter, acrid, burning taste, ^hi 
induces salivation, and is followed by numbness in the mouth and throat, 
sensation of warmth in the stomach is followed by nausea and vomiting, c * 
fusion and headache, dyspnea, slow* pulse, and general muscular weaicne • 
The pupils are widely dilated and the eyeballs protrude, as generally occur 
asphyxia. Unconsciousness follows, and then violent convulsions, w me P - 
into paralysis, with involuntary evacuation of the contents of the blac *“ e , 
bowels; the respiration becomes extremely slow and eventually ceases, 

thejieart continues to beat for some time afterward^ ^ ralyzed* the con- 

r ' .brain, 'although 


•al axis. 

d and eventually 
r are not affected 
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I. fa" fe muscles. When 


Metabolism. — Cyanide exercises a depressant action on protoplasm 
in general. _ Until plants ami animal are retarded in their movements 
ami in their nutritive processes by its presence, although they nm\ 
recover and ■'how no subsequent deterioration, provided the poison acts 
onfv during a short time and in sufficient dilution. This action of 
cyanide is due to the fact that it retards the normal respiration of the 
cell. In con'equenrt? of this, the oxyhemoglobin of the h bod is not 
reduced in the capillaries, so that the venous blood has the same bright 
red color as the artcriaj. IVussic acid is rapidly changed to harmless 
products in the tissues, however, provided a lethal dose has not been 
given, and as this process goes on, the protoplasm recovers its oxygen- 
ahsorfimg power, the expired air becomes less rich in oxygen and richer 
in carbon dioxide, and the venous blood assumes its ordinary dark color. 
The UMial results of imperfect oxidation in the tissues are seen in an 
increase in the sugar and lactic acid in the blood, and augmented nitro- 
gen, urea and unoxidized sulfur in the urine, although the last substance 
may be accounted for by the thiocyanate formed. 

This lessened O 2 absorption in the tissues arises from the intracellular 
ferments being paralyzed in animals in the same way as in plants. In 
fact the whole action of prussic acid is so like that of asphyxia, that 
there is every reason to hold that it is limited to this arrest of oxidation 

Prussic acid is changed, in part, to thiocyanate in the tissues and 
excreted in this form in the urine, while part of it undergoes further 
and unknown changes. 


dissipated 

Therapeutic Uses,— Sodium ejanide has been injected intravenously 
in the form of sodium cyanide as a respiratory stimulant (Loewenhart), 
and although a most effective agent for this purpose the lethal activity 
of the drug has militated against its adoption therapeutically. 

Treatment of Cyanide Poisoning.— The combination of sodium nitrite 
and sodium thiosulfate is used in the treatment of cyanide poisoning. 
In dogs, this combination is capable of detoxifying about 20 doses of 
sodium cyanide even after respiration has stopped, as long as the 
licart is still beating. Sodium nitrite alone null detoxify about four 
lethal doses; the thiosulfate about three. When used together, there is a 
potentiation of the action which depends upon the formation of methem- 
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oglobin by sodium nitrite. The latter removes the cyanide ions from 
the tissues and couples with them to form cyanmethemoglobin which 
is relatively non-toxic. The sodium thiosulfate in turn converts cyanide 
to thiocyanate by means of an enzyme called rhodanasc. In the treat- 
ment of a victim of cyanide poisoning, pearls of amyl nitrite are admin- 
istered while sodium nitrite and sodium thiosulfate solutions are being 
prepared. Ten cc. of a 3 per cent solution of sodium nitrite are injected 
at the rate of to 5 cc. per minute, followed by 50 cc. of a 25 per cent 
solution of sodium thiosulfate. 'At times the poisoning reappears; in 
which case the treatment is repeated in half of its previous dose (Chen). 

Methylene blue lias also been suggested as a clinical antidote in 
cyanide poisoning. The mechanism of the antidotal action of methylene 
blue has been ascribed to the formation of methcmoglobin which in turn 
binds the cyanide as the stable non-toxic cyanmethemoglobin. From 
this compound the cyanide is freed so gradually that it can he detoxi- 
cated by normal body processes. 

Preparations 

Acidum Hydkocyanicum Diltjtum (B. P.), a 2 per cent solution formed from 
potassium ferrocyanide or silver cyanide. It is a colorless fluid with 'a char- 
acteristic smell and taste, and ought not to be kept long, as it is liable to decom- 
position; much of that actually used in medicine is partially decomposed and 
therefore under 2 per cent in strength. Dose, 0.12 to 0.3 mil. 
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N. COLCHICUM 

Colchicine and colchiccine are two nearly related bodies found in the 
seeds and corm of Colchicum autumnale, which owes its activity o 
their presence. Colchicine is the methyl ester of colcbiceine, wine is 
much less active pharmacologically. Colchicine is feebly basic, w u e 
colchiceine is slightly acid in reaction. 

Symptoms.— No symptoms whatever follow' the use of colchicum i 
small quantities. Large doses, corresponding to 4 to 5 mg. of colchicine, 
cause diarrhea with some griping in susceptible persons, anil m 
therapeutic use of the drug purging is often observed ; symptoms on j 

arise several hours after the drug is administered, and this m er 
not shortened by increasing the dose. 
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injected hypodermically, colchicine is intensely irritating, producing 
redness and prickling in the skin, and a burning sensation in the mouth 
and throat. 

The Nervous Symptoms are supposed by some to be due to a direct 
action on the central nervous system, but are to be ascribed rather to 
a condition of collapse produced indirectly through the action on the 
abdominal organs. 

The influence of colchicine on the Kidneys varies, for in some cases 
complete anuria is produced for many hours, while in others the urine 
is slightly increased. The constituents of the urine are not materially 
altered by ordinary therapeutic doses of colchicum, and, in particular, 
the uric acid shows no constant change in amount. In animals, bloody 
urine is sometimes passed after colchicine. 

In poisoning with colchicine the leucocytes are at first reduced in 
the peripheral circulation, but afterwards increased to beyond the normal 
numb r, 

AH of these symptoms are exactly those caused by a large number 
of poisons, including some of the bacterial toxins and the heavy metals. 
Many local irritants when injected into the blood or when absorbed 
from the subcutaneous tissue or the alimentary canal exercise an imme- 
diate, local action, which betrays itself in pain or ecchymosis and swelling 
at the point of injection, but these symptoms pass off in a short time, 
and the animal becomes apparently normal for many hours or even days. 
At the end of this time, however, symptoms begin to develop at two 
points— in the alimentary canal and in the kidneys— with irritation 
and later acute inflammation at these points. At first the irritation 
excites only diarrhea and diuresis, but as it goes on, gastro-enteritis apd 
anuria or hematuria may be produced. The symptoms from the in- 
testine and kidney may not be equally well marked ; at one time the 
one becomes inflamed while the other is only subjected to mild stimula- 
tion, while at other times both are the seat of acute inflammation.^ The 
inflammation of the bowel produces a condition of collapse, which is 
seen also in various intestinal diseases, such as cholera. 


It has been shown recently that colchicine exerts a remarkable effect upon 
the mitosis of cells in both normal and malignant tissues. ^ This action, wnica 
was first described by Dustin, consists in a great increase in mitotic figures, a 
condition which is best seen in tissues where cell division is of frequent occur- 
rence. Large numbers of abnormal mitotic figures appear, and the chromo- 
somes may be scattered and clumped into groups. Inhibition op the nonns^ 

s ate to 

. ... normal 

of 2 or 3 up to 10 or 12 in a few hours, with perhaps 60 per cent oi the cells 
showing mitosis in twelve hours. The abnormality is due to the : failure. o 
mechanism of which the spindle is the risible attribute (Ludfoid), the aivi g 
cells accumulating in metaphase as a result of the inhibiting effect of tnc u 
on the completion of mitotic division. . , „ . 

On account of this effect of colchicine it has been used as an index w 
rate of cell growth. Thus by simultaneous ir. ' 
hormone in the rat and examination of the ' ■ 

possible to follow the action of the estrogen 
figures accumulate. 
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Therapeutic Uses.— CoJchicum has long been uvd in gout on parch 
empirical grounds. In acute cases of gout colchicine is administered 
in 0.5 mg. tablets or in the form of the tincture of colchicum in do-cs 
of 1 to 2 cc. (20 to 30 minims) every four hours until there is some 
evidence of its action, such as nausea or slight purging. Prolonged 
administration is not advisable. The pathology of gout t' so obscure 
that no rational treatment for it can be looked for at the present <l;i\ . 
and the efficacy of colchicum in this disease can, therefore, !«• argued 
solely from clinical experience There is no doubt that the pain and 
inflammation around the joint in an acute attack of gout are reliiu*d 
by colchicum, often without any other obvious effect, but .some tunes 
only after enough has been given to cause some diarrhea. In tin. 
intervals between the acute attacks, colchicum does not appear to June 
any beneficial effect, but by taking the drug at the first indication of an 
impending attack it is possible to nard it off in some ease'. The uric 
acid excretion is not altered h> colchicum treatment in gout, nor in 
health, 
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earboxj'lic acid was the most efficient and was introduced into racdicii 
under the name of cinchophen or ataphan. 



Cinchophen Neocincophen 


A nearly related substance, the ethyl ester of roethylcincbophen k 
employed under the name of Neotinchophen or Nomtophan. Because 
of its lesser toxicity this derivative lias replaced cinchophen in thera- 
peutics. 

Cinchophen may be taken in large quantities (G grams) without any 
obvious symptoms, but considerably smaller doses (2 grams) may suffice 
to increase the uric acid of the urine threefold; in other cases the aug- 
mentation is not so great, but it is increased in the majority of instances 
from 40 to 50 per cent. The urine is little changed in amount but is 
often turbid when passed, and deposits quantities of urates on standing; 
this turbidity may appear within forty-five minutes of the administra- 
tion of cinchophen. This increased elimination of urates and uric acid 
occurs in persons on ordinary diet and also on a purine-free diet, in 
which the uric acid excreted can arise only from the tissues. When 
cinchophen is given for one day only, the excretion of uric acid rises 
immediately, and the following day it sinks below the normal amount, 
and this depression of excretion may continue for even three days as if 
the first large excretion had exhausted the supply. Wien it is given 
continuously for some time, the excretion falls rapidly after the first 
day and may reacli the normal or even below it on subsequent days; 
very often, however, more uric acid is excreted each day than normally, 
although the marked excretion attained at first is not repeated. 

The more rapid excretion of uric acid is sometimes, but not always, 
attended by a fall in the uric acid content of the blood. In many cases 
the blood uric acid has been found to be above normal even when there 
is an increased excretion through the urine. The action has been ascribed 
to a direct effect on the kidney, rendering it more readily permeable by 
the urates, so that those previously retained in the blood through the 
difficulty attending their elimination by the kidney now escape m the 
urine. The rapid removal of the urates of the blood and tissues appears 
often to increase the formation of uric acid in the body, for the continued 
treatment with cinchophen is attended by an abnormally large amount 
of uric acid in the urine even when it extends to weeks in duration. 
Tiie evidence points to cinchophen increasing elimination by the kidney; 
probably the normal reabsorption of urates in the tubules being hin- 
dered by cinchophen. In addition, there is doubtless an additional action 
upon the tissues, as shown by the fact that even with an increased 
output of uric acid there may still be an abnormally high percentage 
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m the blood. Cmchophen appears to undergo decomposition in the 

UkTJ° r J^ m0 X Part> th ° n ' gh S T G appears in the urirle unchanged. 

Like, so man} other aromatic substances, einchophen reduces fever 
temperature and lessens pain (see Antipyretic group). 


Grabfield and Gray ’ J ' * * • <» • 

followed by an increa 
n the unne, the effee 
tehon on the kidney s 
he sulfur excretion t 


cmchophen upon uric acid excretion 
As the increase in allantoin is not 
is eJinunated by both atropine and 


dqsea of the drug caused a marked decrease in the uric acid content of the 
organ, but in no case was there complete disappearance of the product— a 
residue of 1 to 2 mg per cent being retained in ex cry instance The optimum 
dose for this effect was found to be about 0 8 mu. of cmchophen daiJv per kilo 
of body weight or what could correspond to about 005 gram for a man of 
average weight or, in other words, about one-tenth of the average therapeutic 
dose of the drug A sufficient do<e of cmchophen or of ncocmchophcn produced 
a considerable loss of weight but in the production of this change emchonhen was 
found to be about three times as toxic as its newer ally, Harbour ana Gilman 
gave neoemchophen to young rats in doses equivalent to 1 gram per kilogram of 
bodv weight for a period of one hundred days with no effect on weight and no 


Toxicity,— Poisoning' not infrequently occurs following the u‘c of 
cinchophen. In many cases the symptoms are similar to those usually 
seen in drug idiosyncrasies, such ns various cutaneous disturbance*, as 
pruritus, urticaria and different forms of skin eruptions. Anaphy iactoid 
reactions may occur, or gastro-intestina! disturbances, hut more serious 
than these are the cases of toxic hepatitis with jaundice and, in a con- 
siderable number of cases, acute yellow atrophy with death. The special 
factors or conditions which lead to these cases of serious poi'onfrtg arc 
unknown. Long-continued use of the drug has been reported in some 
instances. In others disturbed kidney function interfering w ith excretion 
of the drug may be a factor, but more commonly it is probably due to 
some previous impairment of the liver rendering it more susceptible to 
the drug. The hepatic changes are much less common following t! e 
use of neocinchophen, hut on account of its clo'e relationship to tl e 
parent drug it afco should be used with discretion. 

In a comparative study of the effects of cmchophen, neocinchorlien and 
sodium salicylate upon the livers of dogs and rat', Harbour and Ji«k found that 
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Gastric ulcers have been produced experimentally in dogs by a nu. 
ber of workers. It is possible with the continued administration 
cinchophen to produce in dogs ulcers having all the appearance of the 
which are found clinically in man. There is first an acute gastrii 
involving the fundic portion of the stomach, and this is followed in 
week or two with a perforating type of ulcer located on the lesser curv 
ture near the pylorus. There is an increase in quantity of gastric jm< 
but no heightened degree of acidity. If the drug is stopped, the uh 
heals rapidly, recovery being complete in from two to seven week 
(Bollman, Stalker and Mann). 

Therapeutic Use.— Neocinchophen is used in gout, in which condition i 
is given in doses of .about 0.3 gram (5 gr.) four times a day. Whei 
large doses are given, it is advised to keep the urine alkaline by the use 
of sodium bicarbonate or potassium acetate or citrate. In gout, neo 
cinchophen increases the uric acid elimination in the same way as it 
health and does not usually induce any other symptoms. This fre> 
removal of uric acid appears to be of benefit in the disease, and severa 
observers state that the deposits of urates (tophi) are lessened in siz 
and the chronic inflammation of the joints is relieved; others hav> 
observed less benefit and deny that uric acid deposits are reabsorbed 
In acute articular rheumatism neocinchophen has also proved to b 
quite efficient. Long-continued use of the drug is to be avoided o: 
account of the danger of poisoning. 

Preparations 


U. S. P. 

Neocinchophenum, neocinchophen, a white to pale yellow crystalline powde 
practically insoluble in water. Dose, 0,3 gram. 

Tabeei^e Neocinchomeni, neocinchophen tablets. Dose, 0.3 gram. 


Cinchophenum, cinchophen. Dose, 0.3 to 0.6 gram. 
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THE ANTIPYRETICS 
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V. THE ANTIPYRETICS. {ACETANILIDE AND 
ANTIPYRINE SERIES) 

Up to Ib7o the only •*»•»*•*•« - r - f ' * ■ 

vegetable alkaloids, st 
that year Buss disco ve 
temperature, and soon alter ward carbolic acid and resorcin and its 
isomers were employed as antipyretics. A very large number of anti- 
pyretics have been introduced since that time, but most of them hate 
had only a temporary vogue, and those in general use at the present time 
are comparatively few in number. 


doned. 


Chemistry.— The antipyretic, introduced in 18S4 under the name of 
Antipyrine or Phenazone, which is derived from phenylhydrazine. proved 
superior to all of the earlier drugs. Phenylhydrazine (C«H*— NH— NIL) 
itself also produces a fall in the fever temperature, but this is frequently 
accompanied by collapse and changes in the blood, which prevent its use 
in medicine. Several of the simpler compounds have received a more 
or less extensive trial as antipyretics, but have pro\ ed dangerous and 
inferior to Antipyrine (phcnyldimcthylpyrazolon) which is still largely 
used as an antipyretic, either in its original form, in the form of its 
derivatives, or as a constituent of numerous combinations with various 
analgesics. Among these may be mentioned Aminopynne or Pyramidon 
(dimethylaminoantipyrine), Hypnal (chloral and antipyrine), Sahpynne 
(salicylic acid and antipyrine), etc. 


CH, 

N C CII, 

°' H ‘ N < C -iiH 

0 

Antipyrine 


CH, 

.N C CH, 


yiS UPj 

N C CN(CH,) a 

0 

Ammopyrine or pyramid on 


Antipyrine early found a rival in Antifebrine or Acetanilide, which 
was advised as an antipyretic in 1886 by Calm and Hepp. Aniline 
(C«H 6 NHs), from which it is derived, has also some action on the temper- 
ature, but like phenylhydrazine produces dangerous collapse and de- 
struction of the blood cells. Acetanilide (C#H»NHCOCH»), the first of 
. ... • • • * t , .. J- ■* L is poisonous 
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acetanilide undergo a partial oxidation in the body, with the formation 
of aminophenol or its derivatives, and the belief that the antipyretic 
effects were due not so much to the original substance as to these oxida- 
tion products led to the introduction of numerous derivatives of para- 
aminophenol (NH : — CJI,— OH). 



OC;H* 

(Acetanilide) Phenacetine 

(Acetophpnetidin) 


Para-aminophenol has antipyretic properties but suffers under the 
same disadvantages as aniline. Among its derivatives the most satis- 
factory antipyretics are those in which the hydrogen of the lij droxyl is 
substituted by an alkyl group, while an acid radicle is added to 'the 
amino-radicle. The first of its compounds to be introduced was Phen- 
acetine which differs from acetanilide only in the addition of an ethoxyl 
group in the para position. It is less dangerous than acetanilide and 
antipyrinc, and has therefore been largely used, and has been followed 
by other bodies which are identical with it, except for the acid radicle 
attached to the nitrogen. Among these phenetidines may be mentioned 
Lactophcnin *.’ • 7 ’ *• • * ’• 

Mahhinc (s’ . •' , 

(methylglyc • 

Many of ; i : • 

to the formation of simple derivatives of paraminophenol in the tissues, 
and differ chiefly in the rapidity with which this decomposition occurs; 
when it is quick, it is followed by destructive blood changes and a ten- 
dency to collapse, while the antipyretic effects pass off soon. Those 
drugs are found the most satisfactory antipyretics in which the decom- 
position proceeds gradually, so that the temperature falls slowly and 
remains low for a longer time. The simpler antipyretics, such ns acet- 
anilide, have given W’ay largely therefore to the phenetidine compounds. 
Among these it is impossible to determine the most suitable, but none 
of them has been proved to be superior to phenacetine. Where the 
merits seem so equally divided, it is perhaps more important to learn 
to use one w’ith judgment than to hurry after each new product without 
sufficient experience with its predecessor. _ 

Symptoms.— The effects of the antipyretics vary not only with the 
dose but with the individual patient. Many persons can take very kirge 
doses without apparent effect, while in others comparatively minute 
quantities produce symptoms of greater or lesser importance. I he 
effects are not always the same, even in one individual under the same 
dose of the antipyretic, and it is impossible to state at present what are 
the conditions that involve the peculiar train of symptoms. A ^ er 3 
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Jarge number of disorders have been attributed to the nntipvreties in 
man, but it is impossible to consider any here except those more com- 
monly observed. Among these are skin eruptions ol various forms, such 
as red, cry thematous, itching patches or more widely diffused hvperemia 
resembling the onset of measles or scarlatina; urticaria occurs not un- 
commonly, while eczema and buffs: are rarer. Jn some cases an edema- 
tous swelling has been observed. Some feier occasionally accompanies 
the eruption and renders the diagnosis from the infectious exanthemata 
even more difficult. These skin affections sc£m to be elicited more fre- 
quently by antipyrine than by acetanilide and the phenetidine com- 
pounds. The skin eruption resulting from the use of antipyrine is fre- 
quently clinically identical with that which sometimes follows the use of 
phenolphthalein (see page 236). Profuse perspiration not infrequently 


symptoms are scarcely to be looked upon as direct effects of the drug, 
but rather as resulting from the rapid changes in temperature. They 
are produced much more frequently by the older and simpler anti- 
pyretics than by those of more recent introduction. 

Sometimes catarrh, burning and swelling of the throat and mouth 
are observed after antipyrine, and more rarely nausea and vomiting. 
Cerebral symptoms are rarely elicited beyond slight dulness, confusion, 
or apathy. Alterations of the hearing similar to those described under 
quinine have been observed in some cases More serious symptoms 
are those of collapse, which are sometimes induced by acetanilide. Jn 
the milder cases the skin is cool, the pulse is rather small and rapid, and 
some anxiety and alarm are felt by the patient, but the condition pa^es 
off in short time. In more severe cases the skin is cold and covered by 
a clammy perspiration, the heart is weak, irregular and sometimes flutter- 
ing, the temperature may be subnormal and the pupils are slightly 
dilated. The patient may be conscious, fainting may occur, or an apa- 
thetic, confused condition may be produced. The v cahness of the heart 
is the chief source of anxiety , and the total failure of the circulation 
seems to be the cause of death. These cases of collapse occur more 
frequently when a rapid fall of temperature has been produced than 
under other circumstances, but may be observed in cases in which no 
fever has been present. 

Marked cyanosis occurs sometimes under acetanilide and the earlier 
members of the series, very rarely under antipyrine and the phenetidine 
compounds. It arises from the formation of metbemogjohin in the 
blood, and when this is accompanied by collapse, the cyanosis may be 
very intense. It is often accompanied by dyspnea and aecck ration of 
the pube, and it lasts for a varying length of time, sometimes pacing 
off tn a few hours, at other times persisting for several days. 

Occasionally a certain tolerance is gained, and larger do-o of the 
antipyretics arc required to produce effects than nerc necc^ary at 
the beginning of the treatment. Many cases of chronic poisoning are 
recorded from the habitual use of acetanilide. The symptoms con- 
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sist in disturbance of the digestion, cyanosis, tremor, muscular* weak- 
ness and general mental debility; the blood is often chocolate-colored 
from the formation of methemoglobin, and the urine often contains 
hemoglobin or its products, or may be colored by the oxidation prod- 
ucts of paraminophenol. The condition is sometimes difficult to recog- 
nize, especially as the patient may deny that the drug has been taken. 
The symptoms disappear rapidly when it is given up. 

These drugs are by no means very poisonous, normal animals showing no 
reaction to doses which are sufficient to cause marked changes in fever. In 
the frog Antipyrine causes an increase in the reflex irritability, which some- 
times leads to tetanic convulsions and is followed by depression, loss of the 
voluntary movements, and eventually by complete paralysis and death. In 
mammals its injection is followed at first by a .period of quiet and sometimes 
of somnolence , which is said by some authors to occur also in the frog previous 
to the increase in the reflex irritability. Some rise in the reflex irritability may 
be made out in the mammal at this stage, and large doses cause convulsions 
and tremors, and subsequently unconsciousness and collapse, ending in com- 
plete paralysis. The pulse is accelerated by small doses, while in the later stages 
of poisoning it may be slow, and some dilatation of the skin vessels and flushing 
have been observed. The respiration is at first accelerated, and then becomes 
slow' and irregular, when large doses are injected. In dogs vomiting and dilata- 
tion of the pupil generally occur. 

Acetanilide is more poisonous than antipyrine in both frogs and mammals, 
but resembles it in its general effects, producing first a more or less marked 
stage of lessened activity, followed by convulsive movements. The respira- 
tion is not so much accelerated as by antipyrine, and, according to some ob- 
servers, is slow from the beginning of the action. The heart is first accelerated 
and then slow and irregular, and cyanosis and collapse are more frequently 
observed than under antipyrine. Feeding experiments in mice and rats indicate 
a relative low toxicity. There is also some protective action derived bythe 
simultaneous feeding of alkaline salts, for if sodium bicarbonate be added to 

• • . • 'or*. - -« n »oniUdr>lS 


experiments there is no evidence of addiction or cumulative eflect seen — i 
a distinct development of tolerance which is more marked if the animate are 
subjected to a rapid increase in dosage. Phenacetine and its allies are mucn 
less poisonous than acetanilide and antipyrine. but in large quantities produce 
almost identical effects — somnolence followed by convulsions, cyanosis, an 
collapse. Lactophenine is said to have a more sedative effect than the otne 
antipyretics, and to induce complete narcosis in the rabbit. 


Agranulocytosis.— In 1922 a new clinical syndrome was described by 
Schultz and designated as “Agranulocytosis.” It was characterized > 
an ulcerative angina, severe leukopenia, marked prostration .and was 
not infrequently followed by death. On account of the prominence o 
the anginal symptoms the condition was later designated Agranu o* 
cytic Angina.” Schultz suggested that the condition might be due to 
depression of the bone marrow' either by some microorganism or by some 
chemical agent. It is now recognized that agranulocytosis may occur 
as a result of depression of the bone marrow in severe infections or as a 
result of hypersensitivity to a number of drugs, particularly 
pyrine, dinitrophenol, gold salts, organic arsenicals, the sulfonanua 
derivatives, thiouracil, and toxic chemicals. Because of its widespr . 
use, aminopyrine as a cause of agranulocytosis has received m 




678 SUBSTANCES ACTING AFTER ABSORPTION 

discussed under strychnine poisoning. In considering the cause of these 
convulsions perhaps too little weight has been laid by some writers on 
the changes in the blood, respiration and circulation, for it is possible 
that the convulsions in some cases are asphyxial in character and not 
due to the direct action of the poisons on the brain. 

In ordinary poisoning the peripheral Nerves and nerve-ends do not 
seem to be seriously involved, and the final paralysis in both frogs and 
mammals is undoubtedly central. Santesson found that antipyrine 
tended to increase the power of the frog’s Muscles, and several observ- 
ers have noted that the nerves and motor terminations are paralyzed 
by the direct application of this drug. Antipyrine has some effect as a 
local anesthetic when applied to the mucous membranes. 

The Heart in the frog and mammals is first accelerated and then 
slowed by the antipyretics in general, these alterations being entirely 
independent of the inhibitory mechanism and due to a direct effect on 
the cardiac muscle. The increased rhythm of the heart leads to a 
slight rise in the blood-pressure, which sinks again as the pulse becomes 
slower. There is no satisfactory proof that the vasomotor centers are 
involved in the rise of pressure, although it is not unlikely that they 
undergo a primary stimulation at the same time as the respiratory center. 

Most of this series, except antipyrine and its compounds, tend to 
cause alterations in the Red Blood Cells when they are given in large 
quantities. This action is manifested especially by the simpler bodies 
of the series, and is still more marked in poisoning from aniline, 
phenylhydrazine, paraminophenol or quinoline. On the other hand, 
most of the phenetidine compounds produce it much more rarely, and 
antipyrine seems devoid of this action. The alteration consists in the 
formation of methemoglobin, which may be readily detected by its 
characteristic spectroscopic appearance. Small quantities of the anti- 
pyretics cause its formation within the blood cells, which remain intact, 
but larger doses, especially of the more poisonous members, destroy 
the red blood cells and free the methemoglobin in the plasma. In 
the blood, various distorted, shrunken red cells may be observed, often 
entirely devoid of coloring matter, while part of the methemoglobin 
escapes through the kidneys, and nephritis occurs in some cases with 
albumin, hemoglobin, and even blood in the urine. This effect on the 
blood arises from the decomposition products of the antipyretics, sue 
as an hydroxylamine product (C 6 H 5 NOH.COCH 3 ) from acetanilide, 
and perhaps paraminophenol or the corresponding quinoline derivatives 
from others; this decomposition proceeds more slowly in phenacetme 
and its allies and is absent after antipyrine, which explains the rarity 0 
the symptoms after these drugs; it only occurs in the tissues and no 
methemoglobin is formed when the antipyretics are added to dravn 
blood. . , . ♦ 

All of the antipyretics have some Antiseptic action, which vanes iu 
the different members with their solubility and stability. 
is found to preserve blood from putrefaction for some days when a 
to it so as to form a solution of 2 to 5 per cent. Watery solutions of tms 
strength destroy protozoa and stop the movements of the leucocy 
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Tile action of tlie antipyretics on the Metabolism of healthy men 
and animals has been the subject of a number of investigations which 
have by no means given uniform results, especially in regard to the 
nitrogen elimination Antipyrim has no influence, or only an insig- 
mneant one, on the metabolism of the healthy tissues, whether this is 
mmured b) the nitrogenous excretion or by the gaseous exchange in 
the lungs. Acetanilide, on the other hand, has a distinct effect on the 
nitrogen eliminated, although this is elicited oniv by large doses The 
exchange of gases in the lungs is not affected by the antipyretics m 
health} animals, and no definite change has been observed in the 
excretion of the uric acid 

The specific effects of the antipyretics on the Temperature, while 
recognized by all, have been the subject of endless discussion, owing to 
the complex mechanism through which they are elicited. In the normal 
animal the temperature is but little altered, except by doses large enough 
to produce collapse, but when it is abnormally high, as in fever, the 
antipyretics cause a fall of greater or less extent This difference in the 
reaction of normal and fevered animals has aroused much interest. It 
may be an example of a genera! Jaw for w hich some evidence is available, 
that it is easier to reduce an abnormal organ or function to its normal 
condition, than to change a normal one to unusual actnity or inactivity; 
a definite rate of function, is the habit of each organ and it moves away 
from this normal with difficulty and returns to it with readiness. The 
fall in temperature occurs at varying intervals after the ingestion of the 
drug, but, except in refractory cases, always begins within two to three 
hours. Its extent varies, the temperature in some cases reaching the 
normal or even a subnormal point, while in others the change is insig- 
nificant. Continuous fever without any natural rise and fall is much 
less affected, as a general rule, than one with alternate rise and fall of 
the temperature, and in the latter form the result is greater if the drug 
is given at the beginning of one of the natural remissions. 

The fall in temperature is often accompanied by flushing of the 
skin and perspiration. The oxygen absorbed and the carbon dioxide 
excreted are lessened, and the urea and nitrogen of the urine arc also 
diminished after nntipyrinc, while they are not infrequently increased 
after acetanilide, especially when administered in large quantities. The 
heart is often reduced in rate, and the pulse improves in strength, but 
these changes are due to the fall in the temperature and not to the 
direct action of the drugs. Some remedies owe their antipyretic proper- 
ties to their increasing the secretion of the sweat glands, but although 
perspiration not infrequently occurs during the fall of temperature 
under the new antipyretics, this is merely a secondary result here, for 
when the perspiration is checked by atropine, the fall of temperature 
proceeds uninterruptedly. 

The temperature in healthv * ’ < 1 

throuH' * * \‘‘ J 
di5S ; p .. «*gan>. if an excessive 

forma muscular exertion, this is counterbalanced 

by an increase in the output from the skin tlirough the dilatation of 
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the vessels and by the perspiration. If, on the other hand, more heat 
is dissipated than usual through exposure to cold; the combustion of 
the tissues is increased and more heat is formed. The output of heat 
is thus determined by the degree of dilatation of the cutaneous vessels 
and the activity of the sweat glands, while the amount of heat formed 
varies with the voluntary and involuntary contractions of the muscles. 
In order to preserve a balance between these two factors, there must 
exist a coordinating mechanism, and this is located in the hypothalamus 
which contains several centers involved in the control of the body 
temperature. 

Antipyretic Action. —In the normal animal the temperature is kept 
uniform by a coordinating mechanism, which controls both the output 
of heat through the skin and its formation by the contractions of the 
skeletal muscles. In many individuals this coordination is not perfect 
in health, and in all it may be disorganized by poisons, such as those 
formed in fever. The more perfect the coordination, the smaller is the 
divergence from the normal temperature necessary to elicit a protective 
increase in the production or in the dissipation. The efficiency of the 
mechanism may, therefore, be measured by observing what fall of the 
body temperature occurs before shivering sets in, what rise produces 
dilatation of the cutaneous vessels and perspiration. In this way it has 
been found that during fever the coordination is quite as perfect as in 
health, but that the protective reactions arc induced at a higher temper- 
ature. The same measures are taken to preserve a uniform temperature 
as in health, but the temperature maintained by these means is higher. 
If a comparison be made with the thermostat of the laboratory, it may 
be said that in fever the mechanism is “set” for a higher temperature 
than in normal life, but that the apparatus acts efficiently for each 
temperature. The higher temperature is maintained by an increased 
metabolism or heat formation, and also in most cases by a lessened 
dissipation. The fever temperature itself increases the metabolism, 
the tissues undergoing more rapid waste under it than in normal con- 
ditions. The coordinating mechanism appears to be more susceptible 
to various influences in fever, and the consequent variations in : its 
activity cause the large undulations of the temperature curve which 
are characteristic of pyrexia. Among these influences is the temper- 
ature itself, for Barbour has shown that the overheated blood tends to 
change the activity of the center so that the heat loss is augmented. 

The antipyretics do not lower the temperature by reducing the 
heat production, for, though the nitrogen eliminated and the oxygen 
absorbed fall during their action in fever, this lessened tissue waste is 
the result, not the cause of the fall of temperature, the metabolism 
proceeding more slowly when the temperature is reduced. _ 

Calorimetric investigations have shown that the dissipation oi 
in fever is much increased by the antipyretics, while in health the) 
seem to have little effect. This augmentation in the output is due i 
dilatation of the cutaneous vessels, which exposes a large amount oi 
blood to the cold air. The dilatation is great enough to be rccorae 
by the pletliysmograph in many eases, while in others flushing oi i 
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.skin may he observed. TJic 'increased dissipation of heat is accompanied 
Ivy a lessened formation which, however, is much /ess important and 
w'lucfi is generally attributed to the metabolism proceeding Jess actively 
at the lower temperature. In other words, the antipyretics reduce the 
temperature by increasing the output of heat, and the cells of the 
body grow and change less when removed from the hot-house tempera- 
ture to which they have been exposed previously. It must be added, 
however, that some observers hold that the fall in heat formation is too 
great to be explained in this way, and suppose that the antipyretics 
lessen the combustion through some other action, but not bv affecting 
the tissues directly. And Harbour states that the heat formed may 
actually increase under antipyretic treatment; this is usually masked 
by the increased heat loss, but in cases of abnormally Jon' temperature, 
when the heat loss is not increased by antipyretics, it may actually 
lead to a rise of temperature under the drug. 

It has been stated already that the fevered animal resists any change 
in its temperature in the same way as the normal, and it might there- 
fore be expected that when the temperature is reduced by antipyretics 
the organism would at once increase its heat formation The fact that 
this does not occur, but that, on the contrary, the metabolism is les- 
sened, indicates that some further change occurs, that the antipyretics 
not only reduce the temperature by allowing the heat to escape, but 
also alter the condition of the coordinating mechanism by which the 
temperature is kept uniform. To return to the comparison with a 
thermostat, the body temperature is set at a lower point by the anti- 
pyretics, while it is set higher by the fever poisons. 

The action of the antipyretics on this coordinating center is there- 
fore of interest, and has been examined both in health and disease. In 
healthy men the temperature does not undergo any marked change 
under the antipyretics, for though it may fall a few tenths of a degree 
in some cases, this is of no significance. The sensitiveness of the co- 
ordinating center is apparently increased, however, for in some indi- 
viduals in whom hard muscular work causes a rise of temperature 
normally, this is absent or less marked after the antipyretics In the 
same way the rise of temperature which is occasionally caused by 
very hot baths is absent or diminished when antipyrine has been admin- 
istered previously. When the basal ganglia are cut off from their 
connections with the lower part of the body, neither septic infections 
not antipyretics have any effect on the temperature, while after section 
above the basal ganglia, fever is caused, and the antipyretics induce - 
the usual fall of temperature. In experiments in which high fever 
■was produced by lesions in the neighborhood of the ganglia,^ Gottlieb 
tw the * antipyretics reduced the temperature and increased 


regulating mecmunsui iu «.u«. • - ‘ ; , , 

they were injected directly into the neighborhood of the centers, when 
much smaller quantities sufficed to reduce fever temperature than 
were necessary wl en they were carried to them by the blood 
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Finally,' the condition of the center has been examined by Stern and 
Richter after the temperature had been reduced by antipyretics. They 
both found that the protective mechanism was called into play when 
the temperature was slightly raised, and generally when it was depressed. 
For example, a fevered dog (temperature 40.9° C.) received an antipy- 
retic, and its temperature was reduced to 37.G 0 . Attempts were now 
made to raise the temperature by external heat, but the animal resisted 
this by increasing the output as soon as the temperature rose to 37.8°. 
The coordination, which maintained the temperature at 40.9° before 
the drug was administered now attempted to keep it at 37.6°. 

The results of these researches may be summed up briefly as follows: 
The antipyretics reduce the temperature in fever through alterations 
effected in the heat-regulating nervous mechanism, which result in 
lowering the point at which the temperature is maintained. As a 
consequence of this action, a great increase in the dissipation of heat 
must occur in order to free the body from the warmth which it has 



Fio. 70. — Temperature charts of two rabbits under fever toxins. The unbroken line 
was obtained from an untreated animal, i 
pyrine at the point indicated by an arrow, 
line, the temperature in degrees Centigrade . . 


accumulated, and this increased output is attained by dilatation of the 
cutaneous vessels. The seat of action of the antipyretics is probabl) 
situated in the hypothalamic centers. 

Both antipyretics and fever toxins act upon the temperature-regulat- 
ing mechanism, the one exciting, the other depressing it; the antipyretics 
may thus be regarded as acting as antagonists to these toxins in the 
brain in the same way as atropine antagonizes pilocarpine in the hear . 
The center poisoned by the toxins is apparently more readily acted 
on than in the normal condition. The toxins are often regarded as 
stimulating, the antipyretics as depressing the center, but there are 
equally valid grounds for reversing the roles and holding that the toxins 
depress and the antipyretics stimulate it (Barbour). 

When the temperature is depressed too rapidly by these remedies, <a 
condition of collapse is often produced, while in other cases tne loss 
of heat caused by the dilatation of the skin vessels seems to be exces- 
sive, and shivering and rigor follow in order to increase the production. 
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Ulien the temperature has readied the new point feed by the coordh 
nation under the influence of the antipyretics, the beat dissipation 
rapidly diminishes and may become less than normal, because the 
new temperature is maintained at a constant point by the same mech- 
anism as the normal. 

The antipyretics are rapidly absorbed, and as rapidly Excreted bv 
the kidneys, so that they disappear from the body within twenty-four 
to thirty hours after their administration. 


, The fate of antipyrine seems to differ in different animals. In the dog it 
is found to be partially oxidized to oxyantipyrine which is excreted in 'the 
urine in combination with glycuronic 
and sulfuric acids In others it is said 


very large doses. In man it appears as 



Flo 71,— Curve of internal temperature 
(unbroken line) and of the »km temperaturo 
(dotted line) in fever treated with nntipy- 

in the urine, wane Uie lest oi Un. ‘ 

molecule undergoes the usual partial 
oxidation. 





traded. 

reddish-brown color, which may be 

observed when it is passed, or more frequently after it has been exposed 
to the air for some time. 

Therapeutic Uses.— The antipyretics were introduced to Reduce the 
Fever Temperature. The most satisfactory- results are obtained from 
those which act somewhat slowly, but which preserve a low temperature 
for some time, and the phenetidine compounds are thus preferable to 
the earlier remedies, which produce a more abrupt fall, after which the 

, » Q fnrmpr height. The best effects are obtained 

lccment of a natural rerais- 
? . in the course of the next 
two to three hours, and only rising slowly afterward. In some fevers 
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the antipyretics have much less tendency to lower the fc- * 
than in others. Thus in septicemia larger doses arc required than 
typhoid and not infrequently no satisfactory reduction of the i ... ' 
ture follows the administration of the maximal quantity. Pn, ‘ . 
is also said by some writers not to’ be affected so easily as some o* 
febrile conditions^ which the heat-regulating center appears to he . 
a Jess stable condition, as is manifested by the occurrence of large v : 
tancous variations of temperature. The fever of subacute ba^ri- 
endocarditis, on the other hand, responds well to the administration i- 
amidopyrine. The reduction of the temperature by the antipyretic, 
lasts only as long as the drug is present in sufficient quantity in the 
body, and accordingly as soon as sufficient has been excreted, the intoxi- 
cation of the regulating mechanism begins again, and the temperature 
soon rises to its former height. The antipyretics do not act on the 
cause of the disease, but only remove one of the symptoms, but this in 
itself is not an argument against their use, as is apparently believed 
by some writers, because as long as the physician is unable to treat 
the cause directly, he is justified in taking such measures as are possible 
to remove the symptoms, rather than in adopting an expectant treat' 
ment, pure and simple. The extensive use of these remedies show's very 
clearly that the high temperature is merely a symptom of disease, and 
not the disease itself, and the question has been much debated whether 
the reduction of fever is in any way beneficial. No one questions that 
some antipyretic measures should be taken when the temperature rises 
so high as to form a danger in itself, but their value in ordinary fever 
cases is doubtful, and many physicians deprecate their use except in 
exceptional conditions. The very large doses formerly used undoubtedly 
induced dangerous symptoms occasionally, but there is little risk of 
this occurring from the intelligent use of the less violent members 
of the series. The use of the antipyretics does not retard the formation 
of the protective substances (antitoxin) to which the recovery from 
fever is attributed, for in infected animals treated with enormous 
quantities of antipyrine the serum displays the same agglutinating , 
properties toward the bacilli as that of controls which were not sub- 
jected to any medication. 

A more serious argument against their use in fever is that the course 
of the disease is less readily followed, because one of the guiding symp- 
toms — the temperature variations — is no longer dependent solely upon ^ 
the severity of the intoxication with the fever poisons, and both diag- 
nosis and prognosis are thus rendered more difficult. For example, m 
typhoid fever a sudden fall of temperature often gives the first indi- 
cation of such a complication as perforation, but if an antipyre ic 
has been given beforehand, the significance of such a fall in temperature 
may not be properly appreciated. On the other hand, it is urged m 
favor of the antipyretic treatment that the patient feels more com or - 
able and easier when the temperature is reduced, and that this alone 
may favorably influence the course of the disease. Besides, the lug 
temperature in itself increases the tissue waste and causes larger araug \ 
on the resources of the patient than would be made with the sam 
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amount of poison in the tissues at a lower temperature; and although 
the influence of the high temperature on the metabolism was undoubt- 
edly exaggerated at one time, this consideration is by no means devoid 
of weight. 

The antipyretic treatment of fever is of value, then, in cases where 
the temperature is so high as to endanger life, in cases in which the 
rise of temperature is the chief cause of distress and no complications 
are to be apprehended, and, in general, in cases in which the increased 
comfort of the patient is not counterbalanced by its obscuring the 
diagnosis and prognosis. On the other hand, there is no reason to 
suppose that the antipyretics lessen the mortality or shorten the course 
of most fevers, or that they prevent complications of any hind except 
excessively high temperature, and the routine treatment of fever with 
antipyretics is to be deprecated. 

The chief rival of the antipyretics in the treatment of fever is the 
so-called cold-bath treatment, in which the fever patient is placed in a 
bath of cold water or is sponged frequently with water the temperature 
of which varies from 70 to 80° F. The fever temperature generally 
falls to a considerable extent under this treatment, and very often a 
general improvement in the symptoms occurs The effect on the 
temperature is due mainly to the abstraction of heat from the body, 
and thus far corresponds to that of the antipyretics. In the eold-bath 
or cold-sponge treatment, however, the loss of heat is not immediately 
due to the dilatation of the skin vessels, for baths at 70° F. have the 
effect of constricting the vessels primarily, whatever may be the sub- 
sequent effect. The heat output is increased here from the change in 
the external medium, and not from any alteration in the skin itself. 
The fall of temperature is generally not so great as under the anti- 
pyretics, and the regulation is not directly affected, for the patient 
shivers and becomes cyanotic long before the normal temperature is 
reached. The therapeutic virtue of the cold bath was formerly believed 
to lie exclusively in the abstraction of heat and the fall of temperature, 
but many advocates of the treatment now hold that this is of less 


produced by the antipyretics, and the metabolism, instead of becoming 
less active as it does under the latter, rather tends to increase under the 
cold baths, at least as far as the tissue change can be measured by the 
nitrogen excreted. Each method of treating fever has its advantages, 
but however the matter may stand in hospital practice, in which trained 
assistance is available, the antipyretics have a great advantage in many 
cases in which treatment has to be carried out without any such facilities, 
for the administration of these drugs may, of course, be entrusted to 
ordinary persons, whereas the cold bath can be given only by trained 
attendants. The sponging with cold water is, of course, much simpler. 
However, in the milder fevers, where no complicated measures, such os 
the cold bath, are considered necessary, the antipyretics give relief to 
the patient by removing the feeling of heat and discomfort. 
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Although the antipyretics were introduced primarily to lower fever 
temperature their great importance today arises from the fact that 
they are used taore extensively to relieve certain forms of Pain. The 
analgesic action of these bodies is apparently quite different from that 
of morphine but the action, while different, is in its way just as specific 
as is the morphine action. It is of course true that in many instances 
in which the morphine is successful they fail to alleviate the condi- 
tion. On the other hand antipyrine and its allies can often be used 
where morphine is contraindicated, either from the danger of the habit 
being formed, or from the somnolence it induces. They were first used 
in neuralgic pain and headache, but have been found equally efficient in 
other forms of pain and discomfort, and the relief given in fever appears 
to arise from this analgesic action as much as from the reduction of the 
temperaturie. In very severe pain and especially in those forms in 
which it areses from spasmodic contraction of hollow organs, the anti- 
pyretics are of little service, while pain arising from affections of the 
nerves is more amenable to their action. Acetophenetidin and its 
allies are frquently used for the purpose, antipyrine less often at 
present; acetanilid should be employed with care. Acetylsalicylic acid 
has been the most widely used of the group. Caffeine is often prescribed 
along with the antipyretics in headache and neuralgia. The mixture of 
0.2 gram acetanilide, 0.03 gram caffeine and 0.0G gram sodium bicar- 
bonate comprising the Compound Acetanilid Powder of the National 
Formulary. A mixture of 0.12 gram each of acetophenetidin, acetyl- 
salicylic acid and caffeine citrate is also prescribed widely as an analgesic 
in respiratory infections, influenza, dysmenorrhea and similar conditions. 

The antipyretics have been used for their analgesic action in infections 
generally, and, although they may reduce the temperature, they do not 
prevent the other symptoms and do not remove the cause of the disease. 

The occurrence of agranulocytosis and occasionally collapse and 
other symptoms has led to a considerable amount of distrust of the 
antipyretics among many of the medical profession. Unfortunately, 
this distrust is not entertained by a large class of the laity, and numerous 
eases of poisoning arise from the impression that the antipyretics are 
not dangerous drugs. For the most part, poisoning seems to be due 
to a peculiar sensitiveness or idiosyncrasy, which cannot be foreseen, 
but in cases of great exhaustion and asthenia, especially when accom- 
panied with anemia, these drugs have to be used with care. 


Preparations 
U. S. P. 

Antifyrina, antipyrine, phenazone, a white crystalline powder. 
0.3 gram (5 gr.) 


Dose, 


Acetophenettdinum, acetophenetidin, phenacetin, a white crystalline ponder. 
TabeliSj Acetopijenetidini, acetophenetidin tablets, phenacetin tablets. 
^AroTANmmtrai, acetanilid, antifebrin, a white crystalline powder. Dose, 

^ itfrrNOPTRrNA, aminopyrine, amidopyrine, a white crystalline ponder. Dose, 
0.3 gram (5 gr.). 
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fessrscfeb °* to 0 6 *“ 15 *” u *•>• 

,0^“*', pl,mareti ». «etophenct.dm. Dose, 0.3 to 0 6 gram (5 to 

TinELL,!! PnENACETtsi. Dose, 0.3 to 06 cram 
AMiDOeYtuKA. Dose, 0.3 to 0.6 gram (5 to 10 gr ). 
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Q SALICYLATES 

Salicylic acid was introduced into medical use as a substitute for 
carbolic acid, but its chief interest notv lies in the u«c of its sodium 
salt in acute rheumatic fever. Some of the esters have tibo been em- 
ployed, methyl salicylate, which is found in the volatile oil obtained from 
the uintergreen ( Ganlthcria procimbcns) and from birch bark (Bet a la 
lenta) and which is also formed synthetically ; phenylsalieylateor salol, 
formed synthetically; the numerous other salicylic esters which have 
been introduced by enterprising manufacturers have not attained a 
wide use. The compound winch has been most widely ompfot ed is 
acdylsalicylic acid, or aspirin Salicin, CuFIisO;, is a ghicoMde found 
in thfe poplars and willows, which forms salicjlate in the body and has 
had a limited use. 

Local Action.— Salicylic acid has come value as an nnti-eptic, largely 
from its acidity, and the neutral salts are almost devoid of tin’s property, 
thus protein solutions do not putrefy and the alcoholic and acetic acid 
fermentations are retarded by comparatively small quantities of salicylic 
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acid, while the salicylates are almost inert. The salicylic preparations 
are generally less efficient than phenol in the presence of proteins, prob-' 
ably because the latter is more volatile and forms less stable combina- 
tions and therefore penetrates more readily. Salicylic acid, on the other 
hand, does not evaporate and therefore preserves objects which are 
exposed to the air for a longer time than does carbolic acid, which is soon 
dissipated. The movements of plant protoplasm, protozoa and leuco- 
cytes are prevented by salicylic acid, which also retards the digestion of 
proteins by the gastric and pancreatic juices, and the decomposition of 
glUcosides by ferments, but this is probably due to its acidity and not 
to the salicylate ion. 

COOH 

Salicylic acid 

Irritant Action.— When salicylic acid is applied ‘for some time as a 
powder to wounds, mucous membranes, or even the skin, it may induce 
corrosion and necrosis. It sometimes causes soreness and irritation of 
the mouth and throat when swallowed in powder, and congestion and 
even erosion of the mucous membrane of the stomach have been ob- 
served; even dilute solutions often cause pain and discomfort in the 
stomach. Sodium salicylate is only very slightly irritant, but when it 
is swallowed, 'some of the acid is liberated by the hydrochloric acid 
of the stomach and may be deposited on the mucous membrane and 
give rise to acute dyspepsia. 

Symptoms.— Salicylic acid and its salts are rapidly absorbed from 
the intestine and as a general rule produce no symptoms, unless when 
given in large doses. Some individuals, however, are peculiarly sensi- 
tive to the action of the salicylates, and in these comparatively small 
doses are followed by symptoms which are generally of only slight impor- 
tance, but which are sometimes sufficiently grave to cause anxiety, and 
in very rare cases have been followed by death. 

The ordinary symptoms are nausea, vomiting, and sometimes diar- 
rhea; a feeling of heaviness and fullness in the head, with hissing or 
roaring sounds in the ears exactly resembling those produced by quinine. 
These may be followed by some confusion and dulness and by indistinct 
sight and hearing. Very often the patient complains of excessive per- 
spiration and a sense of warmth all over the body. Dyspnea, marked 
by exceedingly deep and labored respiration, has been noted in more 
serious cases of poisoning, and a condition of collapse with slow, weak 
pulse, subnormal temperature, and partial or complete unconsciousness 
may follow. In others, delirium and hallucinations of sight and hearing 
have occurred, these being more frequently seen in chronic alcoholic 
patients and in cases of diabetes than under other conditions. Albumin, 
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Aeetylsalicylic acid Methyl salicylate Phenylsalicylate 
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casts and even hemoglobin and blood in the urine are often noted as 
sequela;. Various forms of skin eruptions have been described as 
occurring under the use of salicylic acid, sometimes after a single dose, 
but more frequently after prolonged treatment. They resemble those 
seen under the antipyretics, but seem to be less frequently elicited by 
salicylic acid. Hemorrhages from the nose, mouth, stomach, intestine 
and uterus have also followed the use of this drug, and the last may 
explain the occasional occurrence of miscarriages under it; it has no 
influence on the uterine movements in the concentrations found in the 
blood in man, though stronger solutions increase the contractions in 
animals. 

The hemorrhagic tendency which follows the administration of large 
doses of salicylate is in part due to the hypothrombinemia induced by 
the drug. This decrease in the prothrombin level of the blood gives a 
prolonged bleeding time which, with vascular dilatation and injury may 
he responsible for the observed tendency to hemorrhage. 

Deaths have been reported in patients receiving large amounts of 
salicylates for rheumatic fever in which at autopsy hemorrhage in the 
brain has been observed (Ashworth and McKern ie). The prothrombin 
deficiency can be prevented by the administration of large doses of 
vitamin Iv. 

The fatal dose of salicylate is variable. In 752 cases of attempted 
suicide with acetylsalicylic acid reported by Balaz, four were fatal in 
which 20 to 40 grams of the drug were ingested. Recovery, however, 
has followed the taking of 80 grams of the drug (Ilophins). On the 
other hand, in the 30 cases of poisoning reported in the literature 
(Bowen, et al. ) the fatality rate was about 50 per cent. 


slowness, weakness, aim mcouruiuauon oi_ me spontaneous movements, and 
eventually by stupor and arrest of the respiration, w hich is generally preceded 
by convulsions. Photophobia and clonic spasms nave been observed in some 
dogs. Hyperemia of the kidney, liver, brain and tympanum arc sometimes 


ea some action 
s«noss arc also 
of the central 

nervous system seems u> be elicited man in man. _ 

In the frog, salicylic acid produces quickened respiration and increased reflexes, 
followed by depression of the spontaneous movements, tremor, and clonic con- 
tractions. The heart is slow, dilated, and weak. 

The symptoms elicited by salicylic acid and its salts although very 
indefinite occur not infrequently in man. The salicylates exert a pro- 
found effect on the enzyme systems of the body (Lutwnk-Mann) and 
many of the observed toxic effects arc probably to lie attributed to this 
action. 

The Disorders of Hearing have been ascribed to congestion of the 
44 



690 


SUBSTANCES ACTING AFTER ABSORPTION 


tympanum, but may perhaps indicate some changes in the nerve cells 
of the ear analogous to those observed under quinine. As a general 
rule they pass off in the course of a few hours or days, but they some- 
times leave a more or less permanent impairment of the sense of hear- 
ing. The Dimness of Sight, sometimes amounting to complete blind- 
ness, is due to vascular or retinal changes in the eye (see Quinine), 
and some disturbance of the circulation of the brain and head may be 
the cause of the dulness and fullness of the head complained of, and 
of the not infrequent epistaxis. Maragliano showed by plethysmo- 
graphic measurements that the Vessels of the Skin are dilated by sal- 
icylates in the same way as by the antipyretics. 

With small therapeutic doses of the salicylates the Circulation is little 
altered unless in a susceptible individual, when the heart may he some- 
what accelerated. Full therapeutic doses may cause some depression of 
the circulation, but usually this is not important. The general Blood- 
pressure may be found to be increased by small quantities of the salicy- 
lates from stimulation of the vasoconstrictor center, while after very 
large injections into the blood-vessels, the pressure is lowered, partly 
perhaps from depression of the center, but mainly from the cardiac 
action of the drug. . . . 

Small quantities may accelerate the Heart in animals m the same way 
as small doses of the other aromatic bodies, apparently from direct 
action on the cardiac muscle. Very large doses produce a slow, weak, 
and dilated heart, and a corresponding fall in the blood-pressure. 
Friderichsen found that 0.12 per cent of salicylate in the blood causes 
no symptoms from the heart, but any higher content is injurious. 

The acceleration and deepening of the Respiration and the dyspnea 
which have been noted in man, seem to be due to central action, either 
from a direct stimulation of the center by the salicylate or from an 
indirect effect due to some products resulting from the activity of the 
drug. There is sometimes a feeling of shortness of breath or dyspnea. 
In 'animals, too, the respiration is first accelerated to some extent, and 
then slowed, apparently from the respiratory center being first excited, 
then depressed, and eventually paralyzed, by very large quantities of 
the drug. In the early stages of respiratory acceleration there is a 
marked increase in pulmonary ventilation but this increase may not 
•keep pace with the increase in respiratory rate. In certain cases the 
tidal air is below normal. Death seems to be due to respiratory paraly- 
sis, the heart continuing to beat for some time afterward. Although 
the alkali reserve of the blood is reduced even with small doses of 
sodium salicylate, this apparently is not the cause of the observed 
hyperpnea, nor is it always associated with ketosis which occurs only 
sporadically (Fashena and Walker). 

The effects of salicylates on the Central Nervous System seem to be 
comparatively slight, except in cases in which a special idiosyncrasy 
exists. No such convulsive action as occurs under others of the aro- 
matic series has been observed under it, and in animals there seems no 
marked depression save in the medulla oblongata. The convulsions 
which are observed before death are probably not due to the direct 
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action of the drug, but to the asphyxia. In the medulla oblongata the 
respiratory and vasoconstrictor centers, and probably the vasodilator, 
seem to be first stimulated and then depressed. 

The Perspiration which so often follows the administration of salicylic 
preparations may be due in part to the dilatation of the skin vessels, 
but is probably to be ascribed rather to increased activity of the sweat 
centers. Some of the Skin Rashes may also be caused by the dilatation 
of the cutaneous vessels which perhaps induces the appearance of an 
eruption in individuals who are predisposed to them. Erythema, 
desquamation and acne may occur. 

Salicylic acid and its salts may increase to some extent the Secretion 
of the Urine, probably through a direct action on the renal epithelium. 
Polyuria followed by oliguria and anuria is an early manifestation of 
poisoning. Very frequently the effect of the administration of full 
therapeutic doses of the salicylates is to lessen the quantity of urine. 
This action is probably due partially to the diaphoresis and partly to 
a direct action on the kidney. The latter action is shown not only 
by albuminuria but also by an increase in the urea in the blood and 
by a diminished excretion of phenolsulphonphthalein. Nephritis has 
been observed in some cases, with not only albumin but also blood in 
the urine. The administration of bicarbonate of soda with the salicylate 
does not appear to lessen the tendency to renal irritation in any way. 


UI1U J'lStvj. 

The salicylic preparations produce a slightly augmented flow of 
Bile, apparently from some specific action on the liver cells. The bile 
is generally more dilute than normal, the fluid increasing more than 
the solids, though the total solids excreted arc augmented. 

Salicylate has been said to lower the normal Temperature, but this 
seems to be erroneous, except when very large quantities produce a 
condition akin to collapse. In fever patients, however, it often causes 
a marked fall of temperature, and it was formerly used as an antipyretic 
for this reason. The action is probably explained by the dilatation of 
the cutaneous vessels, and the increase in the output of heat. (See 
Antipyretics.) Dilatation of the skin vessels also occurs in normal 
persons after salicylates, but this is counterbalanced in them by in- 
creased heat formation. The fall in temperature after salicylic acid 
is generally less in extent and of shorter duration than that following 
the members of the nntipyrine series. 

An interesting fact, pointed out by Barbour, is that persons with 
unstable temperature centers, such ns those persons who arc only tem- 
porarily afebrile or who arc convalescent, react to acctyhnlics lie acid 
in the same manner ns do febrile patients; that is, their beat elimination 
is greatly increased, perhaps -10 per cent, while in normal persons the 
elimination of heat may not be altered. 

In its passage through the tissues, salicylic ncid modifies the Metab- 
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ollsm, as is shown by an increase of 10 to 12 per cent in the nitrogen and 
sulfur of the urine. This indicates a considerably augmented decom- 
position of the proteins of the body, accompanied by an increased 
metabolic rate of 20 to 25 per cent. A still more notable augmentation 
of the uric acid excretion has been observed, different authors estimating 
it at 30 to 45 and even 100 per cent. This occurs also in animals and 
persons on a purine-free diet; the uric acid escapes through the kidney 
more easily, and the percentage in the blood falls as that of the urine 
rises. (See Cinchophen, p. CCD.) 

Salicylate circulates in the blood as the sodium salt; most of it is 
carried in the plasma, but some passes into the corpuscles; it does not 
accumulate in the joints more than elsewhere, as was once believed. It 
is found in practically all secretions and organs of the body; the brain is 
said to contain less than most of the other organs, averaging perhaps a 
third as much as is found in the muscles, blood or spleen. About three- 
fourths of that ingested is Excreted by the kidneys, for the most part 
unchanged. Part of the drug is oxidized further to dioxybenzoic acid 
and to hj'droquinone and part is excreted in combination with sulfuric 
and glycuronic acid. It appears in the urine within an hour of its 
administration by the mouth and is all eliminated in forty-eight hours. 
It has been found also in the milk, perspiration and bile, but does not 
appear to be excreted into the stomach, nor is any found in the feces. 
About 20 per cent or more is completely destroyed in the tissues, and 
this fraction is higher in rheumatic fever than in normal persons; the 
actual concentration in the blood and urine may thus be lower in 
rheumatic fever. 

Methyl Salicylate (oil of wintergreen) has a hot, burning taste, and like other 
volatile oils produces a feeling of warmth in the stomach. In many cases it is 
well borne, but some patients complain of pain in the stomach, loss of appetite, 
and even nausea and vomiting. Much of it is decomposed to salicylate in the 
intestine and this is rapidly absorbed and produces the characteristic symptoms 
***'’• ’ '■ *’ ‘ *’ after the cor- 

salicylate but 

1 # y for its local 

action as a counterirritant in rheumatic conditions. It is a clear yellowish oil}’ 
fluid which is diluted jvith from 1 to 4 parts of olive or cottonseed oil before 
being applied to the skin. Care must be taken not to use friction in applying 
it and not to repeat the application too often in the same place. 

Salicin, a glucoside found in many species of willow and poplar, is decomposed 
into salicyl alcohol, which is oxidized to salicylates in the body. It is probable 
that the decomposition, like that of the ordinary esters, takes place chiefly in 
the intestine, for when it is injected intravenously it is excreted unchanged. 

It is very bitter, but does not irritate the niucous membranes, and is not so 
1 When administered by the mouth it is excreted 
artly as saligenin or salicyl alcohol, and partly 
• . ’ It is little used in therapeutics today. * 

Acetylsalicylic Acid, or Aspirin, passes through the stomach unchanged 
and is free from the gastric effects of salicylic acid and the salicylates. 

It is partially decomposed into salicylic acid in the bowel, but some of it 
is absorbed in its original form. The salicylate formed from it exercises 
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its usual action in the tissues, but there is a further action resembling 
that of the antipyretics in headache and neuralgia, and this is attributed 
to the action of the acetylsalicylate which has escaped decomposition 
and has been absorbed. 

Symptoms of idiosyncrasy to acetvJsalicylic acid are more common 
than to the other salicyl compounds. The principal manifestations of 
this hypersensitivity are urticaria, asthmatic attacks, angioneurotic 
edema, etc. These tend to occur in allergic individuals although many 
of the latter may take the drug with impunity (Prickman and Buch- 
stein). Congestion of the nose with localized edemas are mostxommonly 
encountered. These latter edemas may involve the eyelids, pharynx, 
lips, or the extremities. 


• . . • ; ■ . x ■ ■ ; acids 
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FlO. 72.— Clinical charts of eases of anj te rheumatic fex er treated with salicylate of sodium 
Case 1, 1.3 grams every four hours. Case 2, IJ pMu ei try two hours. (Stoeiroan.) 


Therapeutic Uses.— The chief sphere of usefulness of salicylate at the 
present time is in the treatment of acute rheumatic fever, in uhich it 
seems to have a specific action similar to that of cnlclucum in gout. 
Some other members of the aromatic scries arc useful in this condition, 
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but none is superior to the salicylic preparations in efficacy. Under 
this treatment the pain, swelling, and redness in the joints rapidly 
lessen, the temperature often falls, and the disease makes less demands 
on the strength and courage of the patient. It is a question whether it 
acts on the unknown cause of the disease, and some hold that it is a 
purely symptomatic treatment and that salicylate may be replaced 
by a mixture of other antipyretic and analgesic remedies, although 
experience seems to indicate that none of the members of the antipyrine 
group is as efficient in relieving the pain and discomfort in this condition 
as are the salicylates. It is still debated whether the salicylate treatment 
reduces the liability to involvement of the heart, which is a common 
complication of acute rheumatic fever. It is generally believed now 
that the incidence, extent, and prognosis of cardiac damage are affected 
by the use of the salicylates, and most clinicians believe that the cardiac 
affections are less often met with and are less severe under salicylate 
treatment. ' 

Although the sedimentation rate is markedly lowered by the admin- 
istration of salicylates in the initial attack it is little affected in recur- 
rent attacks of polycyclic rheumatic fever. 

Dosage.— Large doses of sodium salicylate or acetylsalicylic acid are 
required in the treatment of acute rheumatic fever. A convenient rule, 
for sodium salicylate dosage is to give a grain per day per pound of 
body weight (0.14 gram per kilo). This is divided into equal doses 
given at three- to four-hour intervals. 

Coburn has advocated the use of massive doses of sodium salicylate (10 to 
; ‘ ■ . ’ ” * ■ ' ’ ’ . ' * * . *'” • ' per 100 cc. 

• . • ■ of the rheu- 

■ . ‘ . c. suffice to 

• ■ ■ . ‘ - is required 

, * ■ ■ 0 N ' ■ u r.) daily in 

an adult will in most instances maintain a blood level of 30 to 50 mg. per 100 cc. 
(Butt, et al.). 

After the acute symptoms have subsided the drug should be con- 
tinued in smaller doses 0.6 gram (10 gr.), three times daily, for several 
weeks or months. This continued administration is believed to lessen 
the likelihood of relapses. Children in general seem to tolerate the 
salicylates well and to take relatively larger doses than could ordinarily 
be given when calculated according to their age. The effective dose of 
acetylsalicylic acid in rheumatic fever is about two-thirds that of sodium 
salicylate, but the latter drug is preferred by many in this disease. 
Salicylic acid should not be given, as it is more irritant to the stomach. 

Sodium bicarbonate is frequently recommended along with the 
salicylate on the ground that it lessens the gastric irritation by prevent- 
ing the formation of the irritant salicylic acid. However, it has been 
claimed that the concurrent administration of bicarbonate decreases 
materially the blood levels obtained from a given dosage of salicylate 
(Smull, et al.), but this has not been confirmed by more recent work. 

In other acute constitutional diseases accompanied by fever, salicylate 
has no such specific action as in acute rheumatic fever; even when the 
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joints are involved, as in gonorrheal arthritis, salicylate is of little or 
no service, so that some special relation appears to exist between the 
salicylate and the cause of rheumatic fever. However, salicylate does 
reduce the fever and exerts an analgesic action in conditions other than 
rheumatic fever. The response to the drug when used as a therapeutic 
test in patients suspected of having rheumatic fever is thus not con- 
clusive. 

Salicylate in some cases promotes the absorption of effusions into 
the serous membranes, such as the pleura, and also subretinal effusion. 
It is unknown how this is effected. 

Salicylic acid is occasionally applied locally in excessive sweating 
(2 to 4 per cent in talc) and has also been used in various skin affections 
in which it is desirable to soften or partially dissolve the epidermis; 
because of this keratolytic action, it is the chief constituent of many 
"corn-salves.” For this purpose it is best used as a 20 per cent solution 
in collodion. 

Salicylic acid has also been used very largely as a preservative in 
wine, beer and foods. No evil effects have been shown definitely to 
follow the prolonged use of substances thus treated, but they may tend 
to disturb the digestion, and several governments have found it advisable 
to prohibit its use for this purpose. 

AcctyhaliqjUc acid is used chiefly to relieve headache and neuralgia 
in the same way as the antipyretic group, and for this purpose may 
be given in doses of 0.3 to 0.0 gram (5 to 10 gr.) in tablets. 

Salicylic preparations have to be used with care where any symp- 
toms of renal irritation are present and large doses should be used with 
care in cases of pregnancy, as they may lead to miscarriage. In cases of 
poisoning, the treatment is determined entirely by the s.\ mptoim, and 
no antidote is known. 

Methyl salicylate, or oil of wintergrecn, is often applied locally in mus- 
cular and articular rheumatism. Absorption certainly occurs through 
the skin, as is proved by the appearance of salic\ lates in the urine. 
Several other synthetic compounds have been suggested in place of 
wintergrecn oil in external treatment, but they have no advantage over 
the older drug. 

PnEPARvnoN3 

U. S. r. 

. ■ • ■ • ■ • ■ ' " ■ ■ ;ram. 

' ‘ “ " " water. 

• .. ' , ■ ■ , • powder. 

Dose, 0.3 gram. 

Do*e, 0.3 gram (5 gr.). 

B.P. 

So on Sauctlas. Dc«o, 0 C to 2 grams. 

TAnnu-K Soon Sujcti.oh. Dose, O.C to 2 grams 

Acjmtm Sujctljccm. Dose, 0.3 to 0.0 gram. 

Agio cu AcETrtSAUcrucmf, aspirin. Dose, 0.3 to ] pram. 
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Tabdll* Acidi Acetylsalicylici, tablets of acetylsalicylic acid, tablets of 
aspirin. Dose, 0.3 to 1 gram (5 to 15 gr.). 

Metiiylis Salicylas. Dose, 0.3 to 1 mil. 

Salicinum. Dose, 0.3 to 1 gram. 

Ungoentum Acidi Salicylici, 2 per cent salicylic acid in ointment. 
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I. Benzoic Acid and Benzoates 

Benzoic acid and its salts resemble the salicylic preparations closely in their 
action in most points, the acid being antiseptic ana irritant, while the salts are 
less active in this respect. Benzoates have less action on the central nervous 
system, and the disorders of hearing which are characteristic of the salicylates, 
have not been observed. Nausea and vomiting occur from very large quantities 
in man, and it is believed that the expectoration is increased by the use of small 
doses of benzoates in bronchial catarrh. 

ti : ,-j tr* u room *,, 5 ^ gjy C j ne j n the kidney and in other 

■ • ■" 1 ' ’• HCHjCOOH), which is excreted in the 

, ■ the urine unchanged, the proportion 

-f ,T„mnn n mtVt fUft Jnrn An/I rtfll PI* 



m the tissues. 

Benzoic acid has sometimes been employed as an antiseptic, and sodium 
benzoate has been credited with some virtues as an intestinal and genito-urinary 
disinfectant. The treatment of gout and other diseases with benzoates on the 
theory that they lessened the uric acid excretion is obsolete. Ammonium ben- 


output indicates hepatic insufficiency. Ortho-iodobenzoic acid in the form of its 
salts was introduced as a remedy against infectious arthritis However, because 
of its violent effects and its doubtful value in arthritis, it is now rarely used for 
this purpose. 

Cinnamic acid (CeH» — CH=CH — COOH) seems to resemble benzoic acid in 
its pharmacological characters, but has not been so carefully examined. It 
increases the leucocytes of the blood and the uric acid of the urine to a marked 
degree. 

Preparations 
U. S. P., B. P. 

Acidum Benzoicum, benzoic acid, white crystals, practically insoluble in 
water. Dose, B. P., 0 3 to 1 gram. 

Tinctura Opii Camprorata, camphorated tincture of opium, paregoric, con- 
tains benzoic acid, camphor, oil of anise, tincture of opium in diluted alcohol 
and glycerin. Dose, U 3. F. f 4 cc.; B. P., 2 to 4 mil. 

Soon Benzoas, sodium benzoate, a white granular or crystalline powder. 
Dose, B. P., 0.3 to 2 grams. 

Benzylis Benzoas (B. P.), benzyl benzoate (C,II,:COi CH»:C,IIi). Dose 
0 3 to 0.5 mil. 
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R. QUININE AND OTHER ANTUVIALARIAL DRUGS 
I. QUININE 

The barks of various species of Cinchona and Rcmijia, trees native to 
the high altitudes of the Andes, contain numerous alkaloids which 
resemble each other in their chemical nnd pharmacological properties. 
The best known of these are quinine, quinidinc, cinchonine and cinchoni- 
dinc; the others, amounting to some twenty in number, resemble these 
in their effects on the organism, but very little has been done to de- 
termine this, nnd little is known regarding their relative activity. 
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Chemistry.— 1 The parent alkaloid of the scries is cinchonine'(CnH»N 2 0), 
which is isomeric with cinchonidine. Cinchonine consists of a quinoline 
nucleus linked through a secondary alcoholic group to a quinuclidine 
ring system to ■which is attached a vinyl (CH=CHj) group. Quinine 
(CmHzcNiQs) and its isomer, quinidine, arc the G-methoxy derivatives 
of cinchonine with the structure shown in the accompanying formula. 



Besides these alkaloids cinchona bark contains several acids, includ- 
ing tannins, and some neutral substances. 

The cinchonas are cultivated in India and Java. The bark of the 
cultivated trees may contain as much as 10 per cent of quinine and one 
famous graft contained 18.5 per cent of this alkaloid. It seems question- 
able whether the virtues of the bark were known by the native Indians 
before the invasion of the Spanish, and its introduction into medicine 
dates from about 1030 to 1G40; its name bears testimony to its efficacy 
in the legendary case of the Countess of Cinchon in 1G38. 

Action.— Quinine differs from most of the other important alkaloids 
in acting, not on some specialized form of living matter, but on the 
general nutrition of almost all forms of protoplasm. Other alkaloids, 
such as strychnine, are also possessed of similar effects as regards 
nutrition, but their strong affinity for, and intense action on, some 
special tissue prevent their effects on the fundamental properties of 
living matter from being elicited in the higher animals. Quinine is 
therefore often termed a protoplasmic poison because its action extends 
with but little variation throughout most forms of living matter. The 
effects of quinine on protoplasm generally consist hi transitory augmen- 
tation of its activity, followed by depression and death. 

The action of quinine on Undifferentiated Protoplasm, such as is 
found in the unicellular organisms and in the ovum, is therefore of 
greater interest than that of most alkaloids. Binz found that while 
very minute quantities sometimes increase the movements of the 
ameba and infusoria at first, large amounts paralyze them imme- 
diately, and the protoplasm assumes a darker granular appearance. 
The rhythmic movements of ciliated organisms are rendered slow and 
finally arrested by very dilute solutions, and the microbes of putrefaction 
are also acted upon by quinine, although they are more resistant than 
the protozoa; still, quinine solutions, 1:2000, delay the growth of bac- 
teria. The alcoholic, lactic and butyric fermentations are similarly 
retarded, but it is apparently devoid of action on some of the lower 
forms, for molds (Penicillium) grow freely in solutions of the salts, 
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perhaps because the quinine fails to penetrate tiirough the cell mem- 
brane. Another example of its action on the vegetable cell is that dis- 
covered by Darwin in some insectivorous plants (Drosera), in which the 
movements seem to be first excited and later paralyzed by the quinine 
salts. 

The influence of quinine on the reproductive cells of animals has 
been carefully studied by 0. and R. Hertwig, who found that both 
the spermatozoon and the ovum of the sea-urchin are injured by the 
addition of quinine to the sea-water, the movements of the former 
being paralyzed, and the stages preceding impregnation in the latter 
progressing more slowly, or actually retroceding. When quinine is 
applied after the male nucleus has entered the ovum, the complete 
conjugation is delayed and the whole process is rendered abnormal 
by the admission of several spermatozoa. Quinine applied still later 
prevents or delays the division of the ovum through its effects both 
on the nucleus and on the general protoplasm of the cell. 

The individual cells of more complex organisms are affected in the 
same way as these more simple ones. This was first demonstrated in 
the leucocytes by Binz, who showed that when quinine is added to a 
drop of blood under the microscope, the ameboid movements of the 
leucocytes are arrested, and they assume a spherical form, become darker 
' ’ ’ • ’ 1 * ’ *.»'«• In the blood-vessels 

■alb', as to the frog’s 
.ranular, and ceasing 

their creeping movements, are carried along by the current much more 
rapidly than usual. They are no longer observed to push their way 
through the vessel walls, and if they have already penetrated into the 
tissues their movements are arrested. If irritation be applied to the 
part, no such accumulation of leucocytes occurs in the tissues as in 
the unpoisoned animal, and if an irritant has been applied first and 
the leucocytes have poured out of the vessels before the quinine is 
applied, the process is arrested at once on its application. This poisonous 
effect on the leucocytes has received much attention, but only, occurs 
when the alkaloid is present in a concentration of 1:3,000, which is 
higher than can obtain jn the blood of a living animal. Lower concen- 
trations affect some other functions of the leucocytes, whose phagocytic 
powers are lessened by concentrations of 1:24,000; the bactericidal 
action of the plasma is also reduced by this concentration. There is no 
reason to suppose that this action on the white blood cells occurs when 
quinine is administered in therapeutic doses, which would not give rise 
to this concentration. All of these effects are greatly influenced by the 
reaction of the medium, since any increase in its alkalinity increases the 
toxicity; this may probably be ascribed to the alkaloid penetrating more 
easily into cells than its salts. 

Some enzymes seem to be rendered inactive by quinine; for example, 
the blood no longer forms the blue oxidation product of guaiac in the 
presence of quinine in a concentration of 1 per cent. A number of other 
ferments act more vigorously in very dilute solutions of quinine, while 
they arc retarded by larger quantities; for example, the autolytic for- 
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ment of the liver, pepsin, and rennet. And some appear to be much 
less susceptible to its action than others, for they are augmented in 
activity by quantities that retard or destroy those more readily affected. 

The action on striated Muscle is similar to that on the lower organ- 
isms. There is sometimes a transient increase in its power but very 
soon the muscle contraction is weaker and fatigue follows more quickly 
than normally. Injections of large amounts of quinine salts into muscle 
kill the fibers and lead to sloughing. In myasthenia gravis the admin- 
istration of quinine accentuates the weakness of the muscles character- 
• istic of this disorder. 

The Nerve Trunks are remarkably tolerant to solutions of quinine, 
which do not lessen their irritability when applied locally in sufficient 
quantity to cause marked abnormalities in the muscular contraction. 
In the frog, the terminations of the motor nerves in striated muscle are 
paralyzed by large doses, but not in mammals.- 

Unstriated Muscle in the mammals tends to contract under quinine, 
this action being especially marked in the Uterus, which is thrown into 
strong rhythmical contraction when it is suspended in Ringer’s solution 
containing quinine. Contractions are also initiated in the resting uterus 
when quinine is carried to it by the blood in the intact animal and this 
has led to its use in obstetrics to arouse the relaxed organ. Similarly the 
excised intestine suspended in Ringer’s solution is aroused to increased 
movement by quinine, but there is no evidence that this occurs when 
quinine is carried to it by the blood. The spleen contracts, however, in 
the intact animal and in man, apparently from its acting on the muscle 
fibers, and quinine perfused through the arteries of an excised organ 
often narrows their caliber from contraction of the muscle of the walls; 
this contraction is often followed by relaxation. In each of these cases 
the action seems to be exerted directly on the muscle, which is first con- 
tracted and then relaxed if the dose is large. 

Til? Heart is sometimes accelerated in mammals, but is generally 
slowed and weakened when quinine is injected intravenously; this is 
due to direct action on the heart muscle, but large amounts may depress 
the vagus terminations. The heart continues to beat after the respira- 
tion has ceased in fatal poisoning. The weakness of the heart leads to a 
fall in blood-pressure, but the main cause of the fall is dilatation of the 
peripheral vessels due in part to an action upon the vasomotor endings 
and in part to a direct action on the muscle fibers themselves. Both 
quinine and quinidine antagonize the pressor effects of epinephrine as 
the latter drug fails to cause an increase in blood-pressure following the 
intravenous administration of the two cinchona alkaloids. The cardiac 
effects are not observed except in a very slight degree when quinine is 
absorbed from the stomach even in large therapeutic doses. In the frog 
also the heart is slowed and weakened from depression of the muscle. 

The Central Nervous System is found to undergo a slight and transient 
excitation when large doses are injected in mammals, but the chief 
effects are of the nature of depression. Thus in the frog a short stage of 
slightly exaggerated reflex movement is followed by the loss of spon- 
taneous movements, the arrest of the respiration, and paralysis of the 
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spinal cord and ends of the motor nerves. In mammals, the spinal cord 
is stimulated by small quantities and then depressed. The respiration 
is sometimes quickened at first and later becomes weak and slow and its 
cessation is the cause of death. General depression and muscular weak- 
ness are usually the only cerebral effects observed in mammals and the 
tremor and convulsions which sometimes occur are perhaps due to the 
failure of the respiration. 

The Secretions are not affected by quinine unless very large quan- 
tities are injected when they are arrested. 

In Man, quinine taken by the mouth has the same action on appetite 
as the simple bitters. Ordinary therapeutic doses of ten produce no very 
obvious symptoms, the most frequently observed effect consisting in 
derangement of the Sense ol Hearing, less frequently of that of Sight. 
Ringing or roaring sounds in Die ears, accompanied by slight deafness, 
are produced by moderate quantities, and large doses are not infre- 
quently followed by complete loss of hearing for a time. Contraction of 
the held of vision is observed less often, but in some cases total blindness 
has been produced and has lasted for several days or even weeks. 
Color-vision h especially liable to be rendered imperfect or temporarily 
paralyzed by quinine; these disorders of sight are accompanied by a very 
marked contraction and even obliteration of the retinal vessels and 
sometimes by degenerative changes in the retinal nerve cells and even 
by atrophy of the optic nerve. It is still undecided whether the vascu- 
lar change or the nervous degeneration is the primary lesion, but the 
majority of investigators at present favor the view that the constriction 
of the vessels is merely an accompaniment of the graver effects on the 
ganglionic structures. 

In dogs quinine and several of the synthetic compounds of the scries have 
been found to exert a deleterious action upon the eyes. The pupils are dilated 
and react sluggishly and there is some pallor of the disc but no marked change 
in the retinal vessels. The striking change is in the cells of the ganglionic layer 
of the retina, many of which are destroyed. There is also some edema of the 
retina. These changes are produced by quinine and by the synthetic drugs, 
ethylhydrocupreme, cthyiapocupreme and isopropylupocupreine. On the other 
hand, the closely related hydroxyethylapocupreine given in comparable do«es 
was not found to have any such effect upon die retinas of any of the animals. 

The symptoms in the ear have generally been regarded as the result 
of congestion and hemorrhages in the tympanum and labyrinth, but 
Wittmaach has shown that degenerative changes occur in the spiral 
ganglion in the cochlea exactly analogous to those described in the 
retina. Wien quinine is taken continuously as a prophylactic, it is 
said to impair the hearing and sight permanently in some cases. 

Quinine possesses some irritant action which betrays itself in dis- 
comfort in the stomach and eructation after large and repeated doses by 
mouth, and by pain and tenderness when it is injected subcutaneously, 

Ijtrge do^cs of quinine produce some confusion and depression with a 
-ease of fullness and heaviness in the head from their action on the 
Cerebrum, and tins is sometimes accompanied by uncertain gait and 
slow pulse. Very few' cases of fatal poisoning have been satisfactorily 
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determined to be due to quinine, although a considerably larger number 
have been attributed to it. In these cases marked weakness of the heart 
and collapse accompanied by loss of sight and hearing, muscular weak- 
ness, apathy, slow gasping respiration and finally unconsciousness and 
total failure of the respiration were observed. In some cases delirium 
and convulsions have been noted. Enormous doses of quinine sulfate 
have been swallowed without any serious results. Thus in one case 
30 grams (1 ounce) produced only some confusion and noises in the 
cars. In general, however, symptoms of poisoning occur when the con- 
centration of the drug in the blood exceeds 0.01 per cent. 

The extensive use of quinine in therapeutics has demonstrated that 
many persons have curious Idiosyncrasies in regard to it. This is be- 
trayed in many cases by the development of ear symptoms after com- 
paratively small doses, but in others symptoms arise which do not 
appear in the great majority of people even after large doses. The 
commonest of these are skin eruptions, of which a large variety have 
been described, and which can be distinguished from ordinary diseases 
of the skin only by the history, or by the detection of quinine in the 
urine, or by a positive reaction to a quinine solution when it is applied 
to a scratch in the skin. These exanthemata are often accompanied 
by some rise in temperature, which has received more attention than 
it appears to deserve, for it is-rare and, even when present, is of insig- 
nificant extent. Other less important effects, which have been noted, 
are dyspnea, gastric discomfort, vomiting and diarrhea. Patients 
with an idiosyncrasy to quinine sometimes exhibit abnormal reactions 
to other alkaloids of this group. This is not always the case, as malarial 
patients who have been unable to take quinine on account of its unpleas- 
ant effects upon them have been successfully treated with quinidine. 
In some cases the administration of quinine is followed by fever and 
hemoglobinuria (black water) or albuminuria. The exact relation 
between quinine and this condition is a matter of dispute; blackwater 
fever occurs occasionally : n sufferers from old malarial infection when 
no quinine has been given, but in many cases the symptom is provoked 
only by quinine; on the other hand it often passes off when the treatment 
is continued. Quinine has no hemolytic action except in quantities 
which would prove immediately fatal, and the blood of these black- 
water patients is not more readily laked by it than normal blood. 

The Uterus is aroused to contraction by quinine, and abortion occurs 
occasionally after its use in malaria, while in other cases labor pains 
may be induced. 

The Blood often contains fewer leucocytes after quinine in man and 
in animals. According to Roth, a single dose generally causes leuco- 
cytosis at first, perhaps arising from contraction of the spleen. This is 
followed by a fall in the number of white corpuscles, especially of the 
lymphocytes, though the polynuclear cells are also reduced. The poly- 
nuclears then increase in number until a distinct leucocytosis is again 
present, but the lymphocytes remain reduced in number, while in the 
preliminary leucocytosis they predominate. Hemolysis occurs only 
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Cinchonine, while very siir :, ~- ~ *- • ' ■ * has some tendency 

to produce convulsions, but ,o occur under Cin- 

chonidine, which, save for it ■ to quinine, would 

be entitled to be classed among the convulsive poisons. These convulsions are 
of an epileptiform character, and are only produced by very large doses, but 
even small quantities administered to epileptics have been said to increase the 
number of the attacks. These epileptiform seizures are not prevented by the 
' removal of the cerebral cortex in dogs, and the irritability of the motor areas is 
not altered by cinchonidine, so that some lower division of the central nervous 
axis appears to be the seat of action in these animals; but in man the more highly 
developed cerebral cortex is also involved. Different species of animals appar- 
ently differ in respect to their susceptibility to the convulsive action of the 
cinchona alkaloids, rats and mice rarely or never showing convulsions. Even in 
other species which are susceptible in this respect the doses of the more common 
cinchona alkaloids necessary to produce convulsions approach very nearly, 
amounts which would prove lethal. Cinchonamine possesses an even more 
marked convulsant action than cinchonidine. 

The effects of the other alkaloids have not been the subject of much investi- 
gation, but they seem to differ from quinine chiefly in their effects on the central 
nervous system. These are not entirely absent in quinine itself, for, as has been 
stated already, the reflex irritability is at first increased and then diminished 
in both frogs and mammals, and in some cases even convulsions are stated to 
have occurred in quinine poisoning. 

Many synthetic derivatives have been formed from the cinchona alkaloids, 
but few of them have been examined pharmacologically. Optochin or ethyl- 

’ T *■ r ‘ j-rr r * by the presence of 

1 • - It was introduced 

■ ■ to cause blindness 

. ■ ‘ . • . ■ , 1 is obtained from 

Remijia and its ethyl ’derivative have also been used experimentally but are too 
toxic for therapeutic use. 

Therapeutic Uses.— The introduction of cinchona into therapeutics 
was due to the discovery of its efficacy in ague or Malaria, and until 
the introduction of the recent chemotherapeutic agents, the action of 
quinine in malaria was quoted as the best example of a specific in thera- 
peutics. The explanation of its action was only reached when Laveran 
discovered the parasites of malaria, although in 18G8 Binz suggested 
that the then unknown malarial poison was probably rendered inert by 
quinine. Malaria may be due to four distinct protozoa of the genus 
Plasmodium, the clinical course of the disease varying with the different 
infecting organisms. Infestation with Plasmodium vivax causes benign 
tertian or vivax malaria; Plasmodium falciparum induces malignant 
tertian, subtertian or estivo-autumnal malaria; Plasmodium vialarix 
gives rke to quartan malaria and Plasmodium ovale, the rarest of all, 
causes ovale malaria. 

Malaria is an acute and chronic disorder characterized by fever, 
anemia and splenomegaly. The fife cycle of the parasites responsible 
for the disease consists of a sexual phase (sporogony) during which multi- 
plication takes place in certain anophcline mosquitoes and an asexual 
pha«e (schizogony) with multiplication in the human host. The latter 
process involves asexual multiplication of the parasite in the infected 
erythrocyte as well ns the formation of male and female gametocytes 
which do not multiply in man but which infect the mosquito. 

The parasites enter the red-blood corpuscles and multiply there. 
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and then, issuing from the cells in immense numbers, invade new cor- 
puscles, When the spores break out of the red cells, there is a sharp 
attack of fever, which passes off when they, have reached the interior 
of new corpuscles, but returns when a new swarm of spores is liberated. 
The fever thus recurs at regular intervals in the simpler forms of malaria, 
but may be rendered irregular by double or multiple infections. The 
parasites of malaria belong to the group of the protozoa and are thus 
nearly related to the ameba on which Binz made his original observations. 

. The organisms of malaria are most susceptible to quinine when they 
are in the free state in the plasma, though the less dangerous forms arc 
also destroyed after they have reached the shelter of the corpuscles. 
In the more malignant form of infection, the parasites in the corpuscles 
are apparently not affected by quinine and can only be got rid of by 
preventing them from being reinforced by new broods. It is therefore 
of the first importance to supply quinine to the blood at the period at 
winch the spores are liberated. When quinine is given at the appropriate 
time, the organism breaks up and disappears, but a few more resistant 
forms may escape and multiply until they are numerous enough to 
provoke another paroxysm of fever; the treatment should therefore be 
continued until all the parasites have succumbed. 

In a drop of malarial blood the plasmodia may be seen in active 
movement, but a minute drop of quinine solution paralyzes and kills 
them, exactly as it kills the common protozoa found in water, the only 
difference being that the malarial organism Is infinitely more susceptible 
to its action. The malarial organism appears to be acted on specifically 
by quinine, that is, more strongly than other living cells, and the alkaloid 
can consequently be introduced into the human body with impunity in 
doses which are destructive to the simpler organisms winch have invaded 
it. Experience has shown that quinine is most offccthe when it can act 
during and immediately after the paroxysms, and this is now explained 
by the fact that the organisms are in their least resistant form— the 
ameboid— at this time. If quinine is given three or four hours before an 
attack, sufficient will remain in the blood when the temperature begins 
to fall to destroy the unprotected spores of the parasite, or the *amc 
result may be obtained by a dose given as the temperature begins to 
fall, provided the drug is rapidly absorbed, as is ordinarily the ea c e. 

Preparations —The cinchona alkaloids arc available in a number of 
preparations. Quinine is used in the form of its salts of which the sulfate 
and the dihjdrochloride are the best known and arc in general preferred. 

A mixture of cinchona alkaloids is a ho available for the treatment 
of malaria tinder the name of Totaqumc It is prepared from suitable 
species of Cinchona nnd contains not less than 70 per cent of crystal- 
lizable alkaloids of which not less than one-fifth is quinine. This prepa- 
ration was originally recommended In the Health Committee of the 
league of Xations for the treatment of malaria where the high cost of 
quinine makes the u idc use of the pure alkaloids impracticable. During 
the Second World War the limited supply of quinine made ncccs'ary 
the use of Totaquine anti ltd to its official phnrmarupeial recognition. 

It is u«cd in the same dosage as quinine. A second preparation of the 
45 
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mixed alkaloids of cinchona is Quinetum. This consists of equal parts 
of quinine, cinchonidinc and cinchonine, that being approximately the 
normal proportion of these alkaloids in Cinchona succirubra. 

For children quinine tannate or quinine ethyl carbonate (equinine) 
which are insoluble and hence tasteless salts may be employed. 

In cases of sensitiveness to quinine, quinacrine (atabrine) may be 
substituted and in fact this drug as shown in a later section is preferred 
to quinine in the suppressive treatment of malaria as well as in the 
treatment of infections due to Plasmodium falciparum. In some cases 
small doses of quinine may be followed by severe effects on the hearing; 
in these cases bromide often relieves the symptoms when given in ade- 
quate doses. In pregnancy quinacrine (atabrine) is preferred to quinine 
since the latter drug is less apt to induce abortion. 

Although quinine, as already stated, was long the mainstay of treat- 
ment of malaria, the loss of the principal source of supplies of the drug 
during the Second World War and the epidemiologic importance -of 
malaria in the Pacific areas of combat led to the search for new and the 
reevaluation of other available antimalarials. As a result of these studies 
quinacrine (atabrine) displaced quinine as the principal antimalarial in 
general use. The chief usefulness of quinine is in the treatment of benign 
tertian (vivax) malaria in which its effectiveness is equal if not greater 
than that of quinacrine. 

Dosage and Method of Administration.— Quinine is rapidly absorbed 
from the gastro-intestinal tract and hence whenever possible it is ad- 
ministered by this route in gelatin capsules to avoid its bitter taste. 
However, occasionally when profuse and continuous vomiting makes 
oral administration impossible, and in comatose patients, or those ill 
with severe complications, it may be necessary to initiate treatment by 
parenteral therapy. This method of administration should be super- 
seded as early as practicable by oral administration. When admin- 
istered parenterally, quinine dihydrochloridc is given intravenously in 
doses of 0.6 gram (10 gr.) dissolved in 300 to 400 cc. of sterile physi- 
ologic saline. It should be injected very slowly with attention to a 
rising pulse rate or fall in blood-pressure which are indicative of impend- 
ing reaction. The drug is eliminated in about three hours and hence 
the treatment must be repeated after three to four hours unless super- 
seded by the oral route of administration at this time. 

In the treatment of clinical malaria, quinine sulfate is administered 
orally in doses of 1 gram (15 gr.) three times a day after meals for two 
days followed by 0.6 gram (10 gr.) three times a day after meals for five 
days. This gives a total dose of 15 grams (225 gr.) in seven days. 

For the suppressive treatment of malaria, quinine is administered 
where possible for at least two weeks prior to the expected exposure in 
doses of 0.6 gram (10 gr.) daily with the evening meal. However, 
quinacrine is more effective as a prophylactic against malignant tertian 
malaria. 

Quinine was also used formerly in other febrile conditions and in the 
treatment of neuralgia and headache but has been replaced by the more 
effective bactericides and analgesics now available. The practice of 
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administering quinine or other antimalarinl drug 1 ? in all fevers in a 
malarious area before demonstration of the parasite is to be deprecated. 
Examination of the blood is necessary not only to determine the presence 
of malaria but also to determine the species of the infecting parasite 
and the drug of choice in a given case. 

The tinctures of cinchona are often prescribed as Stomachic Bitters, 
and for this purpose may be fortified by preparations of mix vomica or 
of the simple bitters. 

Quinine in combination tvith castor oil is used as an ecbolic to increase 
the contractions of the uterus during labor or more commonly to initiate 
labor. Its action as an ecbolic is feeble and in no way comparable to 
that of such potent ecbolics as the ergot alkaloids or posterior pituitary 
liquid. 

Quinine in combination with urea lias also been used as a local anes- 
thetic, but it is far inferior to the synthetic local anesthetics (p. 411) 
for this purpose. It differs from cocaine in inducing anesthesia more 
slowly and still more in maintaining it for many hours or even days. 
It has been advised to wash painful wounds after operation, to relieve 
after-pains, to spray the throat and for many other purposes. Its 
toxicity after absorption is very low, but it injures the tissues locally 
and delays healing. 

A 5 per cent solution of quinine and urea hydrochloride is used as a 
sclerosing agent in internal hemorrhoids. However, the treatment is 
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Tinctura Cinchona: Composita contains 0.5 per cent of the alkaloids of 
cinchona, also orange peel, scrpenfary and cochineal. Dose, 2 to 4 mil 

Tinctura. Cinchona; Composita Concentrata, concentrated compound 
tincture of cinchona. Dose, 0.5 to 1 mil. • i 

Quinin.® Bisulphas. Dose, 0.06 to 0.6 gram. 

Tadella: Quinine Bisulphatis. Dose, 0.06 to 0.6 gram. 

Quinine Dihydrochloridum. Dose, 0.06 to 0.6 gram. 

Quinine et aEthylis Cardonas, euquinine. Dose, 0.1 to 1 gram. 

Quinina: Hydrochloridum. Dose, 0.06 to 0.6 gram. 

Tadella: Quinina: Hydrochloride Dose, 0 06 to 0.6 gram. 

Quinina: Sulphas. Dose, 0.06 to 0.6 gram. 

Quinina: Tannas contains about 33 per cent of quinine. Dose, 0.1 to 1 gram. 

Totaquina, a mixture of alkaloids from various species of cinchona, con- 
taining not less than 70 per cent of crystallizable alkaloids with not less than 
one-fifth of quinine. Dose, 0.06 to 0.6 gram. 

Liquor Quinina: Ammoniatus, ammoniated solution of quinine, contains 
2 per cent of quinine sulfate. Dose, 2 to 4 mil. 

SvRurus Ferri PnospHATis cum Quinina et Stkychnina, Easton’s syrup. 
Dose, 2 to 4 mil. 

Injectio’Quinine et Urethane Dose, 0.5 to 5 mil. by intravenous injection 
as a sclerosing agent. 
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n. QUINIDINE 

Quinidine which has the same formula as quinine, being an optical 
isomer of the latter, is used in tiie form of its sulfate as a cardiac depres- 
sant to combat exaggerated excitability of the heart muscle as seen in 
auricular fibrillation and flutter, extrasystoles, tachycardia or other 
forms of heterotopic rhythm. "Wenckebach in 1914 first called attention 
to the effect of the cinchona derivatives on cardiac rhythm. One of 
his patients had noted that the ingestion of quinine relieved the attacks 
of paroxysmal auricular fibrillation from which he occasionally suffered. 
Frey in 1918, studied the matter further and showed that of the cinchona 
alkaloids, quinidine was most effective. The mechanism of action of 
these drugs in modifying cardiac rhythm, as well as the functional 
significance of the observed arrhythmias was not clearly understood at 
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this time. Hence, quinidine was used indiscriminately for a time in the 
treatment of arrhythmias generally with dire consequences in some 
cases. Tiiis Jed to its being discarded as a dangerous drug. At present, 
the indications for the use of quinidine are clearly definable and it has 
resumed its place in the therapeutics of certain types of arrhythmias. 

Mechanism of Action.— Quinidine, like quinine, is a general proto- 
plasmic poison and like the latter is a depressant of skeletal and cardiac 
muscle Quinidine prolongs the refractory period of cardiac muscle, 
being much more effective in this respect than quinine. Quinidine also 
reduces the excitability of the heart, this action affecting both the auricles 
and the ventricles. As a consequence of this action, the rate of the heart 
is slowed The action of quinidine is directly upon the heart muscle 
and not through the vagus; hence it is not abolished by atropine. The 
site of action of quinidine is both on the sino-auricular node and on the 
conduction bundles between the auricle and ventricle. Large doses of 
the drug may thus cause arrest of the heart by depressing the sino- 
auricular node or by causing an auriculo ventricular block through 
action on the bundle of His. 

Quinidine thus differs fundamentally from digitalis in its action on the , 
heart. The therapeutic value of the latter, as we have seen, depends 
primarily on its effect on the tone and contractility of the myocardium. 
Quinidine, on the other hand, merely reduces the number of stimuli 
which arise and the rapidity with which these stimuli are conducted 
through the heart without improving the force of its contraction. Both 
drugs may slow the heart and abolish fibrillation but since the mechanism 
by which these effects arc accomplished differ, it is readily seen why the 
indications for the use of the two drugs ore not the same. 

Therapeutic Use.— Quinidine sulfate is used in conditions in which the 
primary disturbance in the heart is due to an increased excitability or to 
the presence of a focus of ectopic, stimuli- Such conditions arc en- 
countered clinically in paroxysmal auricular fibrillation, in auricular 
flutter and in paroxysmal tachycardia. Auricular fibrillation is most 
commonly observed in rheumatic heart disease. However, the primary 
disorder in this case is not the arrhythmia which is present but the myo- 
cardial dilatation and insufficiency. Hence digitalis is the drug of 
choice in this condition, since this drug actually increases the cardiac 
output without arresting the fibrillation of the auricle. Quinidine, on 
the other hand, is contraindicated in this condition since not only does it 
tail to improve the function of the heart by increasing its output, but 
by restoring the normal auricular contraction the mural thrombi present 
in the auricles may be dislodged and result in fatal embolism. 

On the other hand, in paroxysmal auricular fibrillation or flutter, in 
which there is no evidence of cardiac damage and in which the abnormal- 
ity of rhythm is of recent origin, quinidine is used to restore the normal 
cardiac rhythm. Likewise in paroxysmal tachycardia the symptoms of 
complaint are due to the abnormal rate of the heart. By reducing the 
excitability of the cardiac muscle, quinidine reduces the rate of the heart 
and thus induces its therapeutic effects. 

In the treatment of paroxysmal auricular tachycardia, quinidine is less 
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effective. In this condition n series of rapid intermittent discharges 
arising from an abnormal focus in the auricle induce a tachycardia with a 
regular pulse rate of 150 to 200 or more per minute. This condition is 
often terminated by application of pressure to the carotid sinus, by 
inducing vagal activity by pressure on the eyeballs, respiratory exercises, 
or the use of syrup of ipecac as an emetic. Should these measures fail, 
/3-incthylacetylcholine, quinidine, or digitalis may be used. For the 
prevention of recurrences, digitalis or quinidine are indicated. 

In paroxysmal auricular flutter there is a circus movement which exists 
at a rate of about 350 per minute in the auricular tissue between the 
superior and inferior vena cava. This is transmitted to the ventricle 
which beats at half this rate, that is, at 175 per minute. Quinidine 
administered in this condition lengthens the refractory, time of the 
muscle thus terminating the circus movement. If this fails, digitalis is 
indicated. Quinidine is also used to prevent recurrences of attacks of 
auricular flutter. 

Paroxysmal auricular fibrillation is also effectively terminated by quini- 
dine. However, the use of this drug in this condition is limited since in 
most cases the condition is of long standing and associated with heart 
failure for which digitalis is indicated. Only when the paroxysms of 
fibrillation are of less than a week in duration and where there is no 
evidence of valvular lesions should quinidine be used. 

In ventricular tachycardia, a rapid series of intermittent discharges 
arise in the ventricle giving it a rate of 100 to 250 per minute. The con- 
dition is usually associated with myocardial disease and may be seen, 
for example, as a complication following coronary thrombosis. Quini- 
dine is the drug of choice in this condition although care must be taken 
that the intraventricular conduction not be unduly prolonged, particu- 
larly when large doses of the drug are used. The use of quinidine is 
' dangerous in the presence of auriculoventricular block and the existence 
of this condition should be excluded before using it to abolish ventricular 
tachycardia. The routine use of quinidine as a prophylactic against the 
development of ventricular tachycardia following coronary thrombosis 
is not desirable but the drug is of value in such patients as manifest 
premature ventricular contractions in order to prevent the establish- 
ment of paroxysmal ventricular tachycardia which may proceed to a 
fatal fibrillation. 

In sinus tachycardia quinidine either does not affect the rate of the 
heart or actually increases it. 

Dosage.— Certain individuals manifest an idiosyncrasy to quinidine 
and hence the drug is usually given in a preliminary test dose of 0.2 
gram (3 gr.) orally which may be repeated after two hours in order 
to detect any undue susceptibility to the drug. If no unpleasant symp- 
toms arise, doses of 0.2 to 0.4 gram (3 to 6 gr.) are given three to 
five times daily for one t ee days. ^ In some cases of paroxysmal 
auricular tach r 'V v " brillation or ventricular tachycardia, 

O.G gram (1 l\ f° r _3 to 5 doses may be neces- 
sary to ter . revention of recurrences of 

fibrillation ~ \\ r.) three times a day are 
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used, this dose being progressively increased if necessary until the 
desired response is elicited. 

Dihydroqainidme occurs in commercial quinidine sulfate usually to 
the extent of about 20 per cent. The results usually attributed to 
quinidine are thus actually the combined effects of it plus its dihydro 
derivative. Pure dihydroquinidine is about 18 per cent more toxic 
than quinidine. On the other hand, it is more potent than pure quini- 
dine or commercial quinidine sulfate against fibrillation of the heart. 
The pure drug has as yet not been used clinically. 

Prepakations 
IT. S. P. 

Q mxwittJB Sulfas, quinidine sulfate, white crystals, only slightly soluble 
in water Dose, 0 2 gram. 

Tabell/E Quinidine: Sulfatjs, quinidine sulfate tablets Dose, 0.2 gram. 
B. P. 

QoiKimff® Sulphas. Dose, 0 2 to 0.6 gram. 
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nr. QUINAC2UNE (MEPACRINE, ATABRINE) 

This important drug, first synthesized by Mietsch «nd Mauss, was 
introduced by Kifcuth under the name atebrine (ntnhrinc) as a substi- 
tute for quinine in the treatment of malaria Experimentally, quinacrinc 
was found to be highly effective in treating the malaria of monkeys 
and birth, being more effective in (his respect than quinine. Experience 
in the Second World War showed its value and superiority in certain 



respects over quinine. As seen in the accompanying formula it is 
unrelated to quinine ch cmically but is the dilivdrochloride of an alkyl- 
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amino-acridine derivative. It is a bright yellow crystalline powder, 
slightly soluble in water, forming a neutral fluorescent solution. 

Absorption and Excretion.— Although promptly absorbed from the 
intestinal tract following its administration orally, quinacrinc is less 
rapidly absorbed than quinine. Moreover, since it is stored in the 
t i>*ucs the maximum blood level on a constant intake of the drug is only 
gradually attained due to the gradual saturation of the tissues. Thus 
on a dosage level of 0.1 gram (1$ gr.), daily, only half the maximum 
blood level attainable is reached in the course of a week. The maximum 
level is attained only at the end of the. fourth week. A similar rate of 
decline follows withdrawal of the drug, so that two to four weeks must 
elapse before it entirely disappears from the body. There is also a great 
variability in the plasma level attained in different individuals receiving 
the same dose of the drug. 

The presence of quinacrine in the tissues is manifested by a bright 
vcllow discoloration seen in the skin, as well as in the internal organs of 
the body. It is excreted in the urine, imparting to it a deep yellow 
color on acidification, and in the sweat, staining the clothing. The 
discoloration of the skin disappears within a few days or weeks follow- 
ing cessation of the drug depending upon the dose and duration of 
treatment.. 

Toxicity.— Quinacrine is relatively non-toxic in therapeutic doses. 
Long continued use of the drug for more than a year lias not resulted in 
any apparent ill-effects. There is no evidence that it exerts a toxic 
effect on the liver, although large doses in cats, is said to produce fatty 
degeneration of the liver and kidneys. The minimal lethal dose for 
.cats is about 0.1 gram per kilo, while rabbits tolerate such amounts 
without apparent injury. 

In man the toxicity of quinacrine is low and there seems to be a 
fairly wide margin of safety, but symptoms of intolerance have been 
reported, sucli as nausea and vomiting, gastric uneasiness and even 
acute abdominal pain, diarrhea, and headache. These symptoms are 
never serious and may soon disappear even with continued administra- 
tion of the drug. Less than 1 per cent of individuals show a persistent 
intolerance to the drug. By commencing therapy with an initially 
small dose undesirable reactions are avoided. In some patients there 
has been a feeling of profound depression which has lasted for several 
days after the drug has been stopped and in certain cases the mental 
symptoms have approached those of a definite psychosis. 

The incidence of toxic psychosis following quinacrine is about 1 in every 2,000 
patients treated with the drug (Gaskell and Fitzhugh). This psychosis may 
begin either during the course of therapy or shortly after its conclusion. No 
specific therapeutic measures have been found useful in treating this psychosis 
except for the symptomatic treatment with -sedatives, restraint and nursing 
care. Whether the psychotic episode is due to toxic reaction to the drug or is 
a result of the combination of the malaria plus the drug is undetermined, but 
the latter seems most probable. 
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Skin rashes and other allergic manifestations are only rarely observed. 

Therapeutic Use. —Although no drug is known which will entirely 
prevent malarial infections, quinacrine (atabrine) or quinine taken 
regularly in ample dosage will suppress the onset of symptoms of the 
disease. Their use for this purpose is designated as suppressive therapy. 
Although most infected individuals will become acutely ill with malaria 
following the discontinuance of suppressive treatment, a high proportion 
of infections with Plasmodium falciparum will not become clinically 
active following suppressive treatment with quinacrine (atabrine). 
Prolonged exposure to this drug does not increase the resistance of the 
parasite and hence clinical attacks occurring during or after suppressive 
treatment will respond promptly to further treatment. In general, 
attacks of malaria will occur within two to four weeks following the 
cessation of suppressive treatment but the disease may remain latent 
and appear months after the drug has been discontinued. 

In the suppressive treatment of malaria, quinacrine (atabrine) is 
considered to be the drug of choice. For this purpose one tablet (0.1 
gram, 1J gr.) is given daily after the evening meal. In the rare 
instances of intolerance to atabrine, quinine in doses of 0.0 gram 
(10 gr.) daily may be substituted. 

Quinacrine hjdrochloride (mepacrine) is effective in destroying the 
asexual forms (trophozoites) of the Plasmodium. Its effectiveness 
against Plasmodium falciparum, the causative agent of malignant 
subtertian malaria, was shown during the recent war to be greater than 
quinine. It is equally as effective as quinine in benign tertian (P. vivas) 
and quartan malaria (P. malarias). Quinacrine is also effective in black- 
water fever where the use of quinine is contraindicated. 

In treating clinical malaria, 0.2 gram (3 gr.) of quinacrine and 1 gram 
(15 gr.) of sodium bicarbonate, are administered by mouth with 200 
to 300 cc, of sweetened fruit juices, tea, or water. This should be 
repeated every six hours for 5 doses. Thereafter, 0.1 gram (1$ gr.) 
is given three times daily after meals, for six days. This gives a total 
dosage of 2 S grams in seven days. 

The parenteral administration of quinacrine should be restricted to 
cases with severe complications such as vomiting, coma, or hyperpyrexia 
in which oral administration is difficult or impossible. When thus given 
the dihydrochloride is administered in doses of 0.2 gram (3 gr.) dis- 
solved in 5 ce. of sterile distilled water. This solution is injected intra- 
muscularly into each buttock, to give a total dose of 0.4 gram (0 gr.). 
An effective concentration in the Wood is attained within fifteen min- 
utes and maintained for about six hours. 

If necessary, one or two additional doses may be given at intervals 
of six to eight hours with oral therapy initiated as soon as practicable. 

A total dose of 1,3 gram (20 gr.) by both routes in the first forty-eight 
hours is desirable after which the dose should he 0.1 gram three times 
daily after meals for five days (total 2.8 grams in seven days). 

Quinacrine is also available in the form of its methyl sulfonate winch 
is official in the British Pharmacopeia and which is used for parenteral 
administration instead of the dihydrochloride. 
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Preparations 
TJ. S. P. 


Quinacrinas Hydrochloridum, quinacrine hydrochloride, mepacrine hydro- 
chloride, a bright yellow crystalline powder. Dose, 0.1 gram. 

TabeijwE Quinacrine Hydrochloridi, quinacrine hydrochloride tablets. 
Dose, 0.1 gram. 

B. P. 

Mepacrin.® Hydrochloridum, atabrin, quinacrine. Dose, 0.05 to 0.1 gram. 
Tabelije Mepa cringe Hydrochloridi. Dose, 0.05 to 0.1 gram. 
Mepacrine Metiianosulphonas, atebrin musonat, quinacrine soluble. Dose, 
0.05 to 0.1 gram. 
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IV. PAMAQUINE (PLASMOCHIN, PLASMOQUINE) 

This synthetic compound was introduced by Miihlens in 1926 as a 
substitute for quinine in the treatment of malaria. It is iV-diethyl- 
amino-isopentyl-8-amino-G-methoxy-quinoline and as seen in the ac- 
companying formula, is not a derivative of quinine but is somewhat 
distantly related to it. It is used in the form of the dihydrochloride or 
the official naphthoate. It was found to be quite effective against bird 



N-CHrCHrCHrCH-NH 

ijjHj CIIj 

Pamaquine 

malaria and on that account was introduced into the treatment of 
malaria in man. Here it has been found to be quite active against the 
gametocytes and removes the crescents from the peripheral blood in a 
very short time. It renders the blood non-infective to mosquitoes thus 
preventing the transmission of malaria from one person to another. 
On the other hand, pamaquine has much less effect on the asexual form 
of parasites which are the cause of the clinical symptoms and which are 
very susceptible to quinine. On this account, pamaquine (plasmochin) 
was originally recommended for use in combination with quinine or at 
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the completion of a course of treatment with quinacrine (atabrine). 
The drug was shown during the Second World War to be useless as a sole 
antimalarial agent. 

Toxicity. —Pamaquine (plasmoquine) is a fairly toxic drug. In cats, 
doses of 2 to 3 mg. per kilo will produce methcmoglobin formation. 
Injected intravenously into dogs and cats it is quite toxic to the heart, 
causing marked irregularities and Swart-block together with depression 
of the heart and a fall in blood-pressure. Injected into normal cats and 
dogs, doses of from 5 to 7 mg. per kilo prove lethal; the symptoms 
consisting of dyspnea, cardiac irregularity, methemoglobinemia and 
asphyxia. Methcmoglobin formation is one of the chief effects of the 
drug and is produced in vitro as well as in tiro. 

The drug is disposed of rather slowly in the body; some is probably 
destroyed, while some is excreted in the urine. 

In man the administration of pamaquine is frequently followed by 
epigastric pain, nausea, vomiting, headache, dizziness, and drowsiness, 
and by ' ' T* arance of cyanosis should 

be take ■ ■ . ■ * the drug. In mild cases _ 

this symptom is seen omy in me ungeis auu iips but in severe poisoning 
the whole body may. be discolored. The gastric distress is less if the drug 
is given after a meal. 

In severe intoxication in man there is headache, dizziness, marked 
sweating and abdominal pain, which may be quite marked over the 
liver. Diarrhea and cyanosis may he present together with methemo- 
globinemia and methemoglobinuria. There may be jaundice and 
marked anemia and the patient may become drowsy and comatose. 
Anemia seems to predispose to tbe formation of methcmoglobin, so 
that in cases of marked anemia the drug should be used very cautiously. 
In fact, on account of its toxicjty the drug should never be given except 
under strict medical supervision, since the margin between the toxic 
and therapeutic dose is small. 

Therapeutic Use.— Pamaquine, unlike quinine and quinacrine, has 
little effect on the trophozoites of Plasmodia and hence fails to control 
the clinical manifestations of malaria. There is some evidence to indi- 
cate that it tends to diminish the incidence of hate recurrence-' of vivax 
malaria when used in conjunction with quinine or quinacrine. Its 
primary action, however, is on the gnmetocytes of P. falciparum. 

Pamaquine is never used in the suppresses e treatment of malaria. 

In the treatment of vivax infections, the administration of 0.01 gram 
(l gr.) of pamaquine hydrochloride or 0.02 gram (I gr.) of its naphthoate 
with 1 gram (15 gr.) of sodium bicarbonate three times daily after 
meals concurrently with quinine lessens the likelihood of a relapse. 
Pamaquine, because of its toxicity is not given concurrently with 
quinacrine, but it may be given immediately following treatment with 
this drug or during the last days of treatment with quinine. When 
given in this way the dosages indicated above should l>e given for four 
days. These doses should l»c reduced for debilitated individual’s. 

Quinine, quinacrine (atabrine) and pamaquine (phvmochin), inn v \ 
all Ik; combined in the following manner: quinine sulfate, O.fi gram 
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(10 gr.) given daily three times nfter meals, for from two to three days, 
or until the fever is controlled, 'followed by 0.1 gram (!•} gr.) of quinacrine 
(a ta brine), three times daily with meals for five days, and nfter an inter- 
val of two days without medication, pamaquine (plasmochin) in doses 
of 0.01 gram (£ gr.) three times daily' after meals for three to four days. 

The wide experience gained in the Second World Warin the treatment 
of malaria led to the establishment of quinacrinc as the most important 
of the antimalarinl drugs particularly because of its effectiveness in the 
suppression of falciparum infection. Pamaquine proved to be of little 
value, 

Preparations 
U. S. F. 

Pamaquine: Nawtiioas, pamaquine naphthoatc, ommoquin nnphthoate, the 
mcthylene-bis-yS-ly'drovj'naphthoate of pamaquine, a yellow to orange yellow 
powder, insoluble in water. Dose, 20 mg. 


B. P. 

Pamaquintoi. Dose, 0.025 to 0.05 gram. 
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V. OTHER ANTIMALARIAL DRUGS 


During the recent war, a great number of compounds related chemi- 
cally to quinine, quinacrine, and pamaquine were synthesized and 
tested for their antimalarial action. 

Several of those prepared were found to have advantages over the 
previously available drugs. Three of these may be referred to briefly here. 

The compound originally designated by the code number SN 7,618, 
is 7-chloro-4(4-diethyIamino-l-methyIbutyIamino) quinoline with the 
structural formula: 



CJI* 

< 

NH — CH — CHi — CHr- 


-CHj — N(CiH»), 


It has been marketed as the diphosphate, under the trade-name, Aralen 
but is officially designated as chloroquine. It appears to be an effective 
suppressive when administered no more frequently than once a week 
in a well tolerated dose, terminates abruptly clinical attacks of ritax 
malaria, and cures falciparum malaria when administered for several 
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days. Unlike quinacrine, it does not discolor the skin nor does it cause 
any disagreeable gastro-intcstma! symptoms. It is used in doses of 
1.5 gram of the free base (equivalent to 2.5 grams of the diphosphate). 
An initial dose of 1 gram, followed by an additional 0.5 gram after six 
to eight hours, and a single dose of 0.5 gram on each of two consecutive 
days produces prompt disappearance of symptoms and of parasitemia. 
For suppressive therapy, a dose of 0.5 gram (0 83 gram of the diphos- 
phate) once weekly is recommended. 

Another antimalarial which has undergone experimental trial is SN 
13,276 (pentnquine) which, as may be noted from its accompanying 
formula, is related to pamaquine over which, however, it has several 
advantages, being more effective therapeutically and less toxic in the 
doses required clinically. 

cn,o 


NH 

/ 

(CITt)i CH NH(CH,)» 

Paludrine, N'-p-chlorophenyI-N 5 -isopropyl-biguanide hydrochloride, 
has also been found to be non-toxic and more efficacious than mepacrine 
in the treatment of tertian malaria. It lias been subjected to experi- 
mental studies by British investigators. 
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S. EMETINE AND OTHER ANTIAMEBIC DRUGS 
I. EMETINE (IPECACUANHA) 

Ipecacuanha (ipecac), derived from the root of Cephaelis or Psychotria 
Ipecacuanha, has long been used for its emetic and expectorant virtues 
The root contains from 2 to 3 per cent of total alkaloidal material which 
consists of Emetine (CssHtoOiNj), Cephaline (CmHmOiNj), Psychotrine 
and others of less importance. Emetine as seen in the accompanying 
formula is a complex derivative of isoqumoline. It differs from cephaline 
by containing a methoxy (OCH?) instead of a phenolic (OH) group 
and may be prepared from cephaline by methyjation. Cephaline is 
obtained by reduction of psychotrine. Emetine and cephaline resemble 
each other in their action but the latter is ineffective as an expectorant 
while psychotrine is said to be almost inert. 

Symptoms and Action.— When administered internally emetine has 
a bitter, acrid taste, and produces a copious salivary secretion, fol- 
lowed later by nausea ami vomiting. The drug is generally largely 
eliminated by vomiting, so that no further effects are observed. 
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The nausea and vomiting are accompanied by the usual symptoms 
—muscular weakness and depression, increased secretion of saliva and 
of mucus by the glands of the throat and respiratory passages, often 
perspiration, and generally temporary acceleration of the pulse. 



Quantities which are too small to provoke vomiting, induce pro- 
longed nausea with increased mucous secretion along the respiratory 
passages, and some perspiration. 

Emetine possesses a powerful Local Irritant Action, which is, how- 
ever, much more marked in certain individuals than in others. The 
smallest quantity of the powdered root of ipecacuanha is sufficient 
to induce in the subjects of this idiosyncrasy considerable swelling 
and injection of the conjunctival and nasal mucous membranes, with 
salivation, tears, sneezing, coughing, and bronchial catarrh. When 
applied to the skin as a liniment, it produces redness, itching and 
occasionally a pustular eruption, but when injected hypodermically 
the alkaloids do not irritate the subcutaneous tissues. 

The emetic action is mainly due to ipecacuanha irritating the stomach, 
and is thus a further example of its specific action on the mucous mem- 
branes. It is probable that there may be a further action on the medul- 
lary center when large quantities are injected intravenously in animals, 
but this is not involved- in the ordinary methods of administration. If 
the action were due to the effects of the drug after absorption, vomiting 
would be caused by a smaller dose injected hypodermically or intra- 
venously than is necessary by the mouth; but it is found that a dose of 
emetine sufficient to cause vomiting when swallowed, may be injected 
without any effects whatever. In the case of apomorphine, on the other 
hand, in which the action is central, the hypodermic emetic dose is 
smaller than that necessary when it is given by the mouth. The in- 
creased bronchial secretion, the perspiration, the acceleration of the 
pulse, and other attendant symptoms are similarly reflex in origin from 
the gastric irritation and do not indicate any direct action on the bronchi 
and other organs, 
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When large doses are Injected hypodermically, emetine induces nausea, 
vomiting, ana purging, and blood is frequently voided in the stools, a condition 
of collapse follow, and the animat generally dies of exhaustion in the course 
of a few hours after the onset of the symptoms. Very large quantities injected 
subcutaneously or intravenously may fail to elicit vomiting, but the collapse 
symptoms appear, and after some weak convulsive movements, the animal 
dies of cardiac failure. In those cases in which death follows rapidly on the 
injection, no pathological lesions may be found after death, but in experiments 
where smaller quantities are injected, and the animal survives for eighteen to 
twenty-four hours, the stomach and intestine often exhibit the appearances of 
acute giistro-ententis. The mucous membrane is swollen, congested, and often 
covered with a mucopurulent secretion or studded with ecchymoses, and in 
dogs ulceration is often present. A lesion which is not by any means constant, 
but which occurs in a considerable number of animals and especially m rabbits, 
is edema of the lungs. The heart changes are usually quite severe, animals 
surviving three or more days, showing necrosis of some fibers and degenerative 
swellings of the remaining muscle cells. These cardiac changes are apparently 
severe enough to be a cause of death 

The gastric and intestinal symptoms which follow from these large hypo- 
dermic doses suggest that emetine is excreted by the mucous membranes of the 
alimentary canal, and that it induces irritation and inflammation in the course 
of iia excretion In roan, vomiting has followed the hypodermic injection of 
4 grains of emetine, but I grain administered in this way has no such effect. 

Emetine injected into a vein weakens the heart's action, and induces a fall 
of blood-pressure, but when it ia injected subcutaneously or given by the mouth, 
the heart is not affected directly, but pathological changes m the muscle become 
apparent later. ... , . , 

In the frog emetine does not cause vomiting, but a slowly advancing centra! 
paralysis follows its injection, the spontaneous movements ceasing early, and 
later the reflex excitability disappearing. The contractions of the heart are 
rendered weak and irregular, and eventually cease from paralysis of the cardiac 
muscle. 


Ipecacuanha has long enjoyed a reputation in one form of tropica! 
dysentery, and the discovery that the cause of this form of dysentery 
was an araebn (Entameba histolytica) was soon followed by Roger’s 
discovery that emetine has a specifically poisonous action on this para- 
site. This specific toxicity cannot be demonstrated in ordinary forms 
of ameba, nor in other protozoa, and even the entameha of dysentery 
is not strikingly susceptible to emetine when exposed to it in tlie test- 
tube; sometimes 1 per mille or even I per cent of emetine has not killed 
the ameba in the test-tube within an hour. On the other hand the 
: effects in cases of dysentery treated with emetine are very satisfactory 

{ and the entameba disappears from the stools and tissues. The quantity 
1 of emetine that comes in contact with the parasite must be even smaller 
jt than that of quinine in eases of malaria, and the equivalent conccntra- 
tion is harmless to entatneba outside the body. It is thus impossible to 
* attribute the success of the treatment to a directly poisonous action on 
>( the parasite. Moreover, emetine fails to destroy the nxnebm present in 
't the lumen of the bowel but only acts on the parasites present in the 
,f tissues. The amebacldal action of the drug is apparently then not a 
jht direct one but requires the intermediation of the tissues of the host. 
^ Experimental work upon the treatment of cats infected with ameba? 
A obtained from human sources have demonstrated that emetine will 
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exert a beneficial action in such infections; apparently in such experi- 
ments the drug will act in the same way as in the natural disease in man. 

Emetine and cephaline, the two chief alkaloids of ipecacuanha, re- 
semble each other closely in their effects, cephaeline being somewhat 
more irritant than emetine. Ipecacuanha owes its action to the alkaloids, 
and differs from them only in acting more slowly and in having less 
tendency to cause purging, owing to its containing a large amount of 
tannin. The relative action of the two alkaloids in dysentery has not 
been accurately determined, but emetine is superior to cephaeline. 

Therapeutic Uses.— Ipecacuanha has been largely employed as an 
emetic, and although it has been replaced for some purposes, notably 
in cases of poisoning, by apomorphine, it still has a certain field of 
usefulness in cases in which an emetic is indicated, but in which the 
hypodermic method is objectionable. At present ipecacuanha is used 
chiefly as an expectorant in the treatment of inflammatory conditions 
of the respiratory passages. For this purpose it is prescribed in smaller 
quantities than those necessary to produce emesis. It acts indirectly 
through its nauseating properties, and has the advantage that its action 
is much more prolonged than that of apomorphine. It increases the 
secretion of the bronchial mucous membrane, and further tends to 
render it more fluid, so that the mucus can be coughed up more easily. 
The increased secretion may also be of service by protecting the inflamed 
and irritable membrane from the cold air and thereby lessening the 
cough; opium is often added in order to further allay coughing by depres- 
sing the center, the well-known Dover’s powder being a favorite pre- 
scription for this purpose. When the secretion of the bronchi is already 
excessive, and the cough is rather to be encouraged than repressed, 
these preparations are of course contraindicated. 

Ipecacuanha is also employed as a diaphoretic, either alone or more 
commonly as Dover’s powder. The perspiration is not so copious as 
that following pilocarpine and other sudorifics, but resembles rather 
that produced by warmth applied to the skin. 

The principal therapeutic use of emetine is in the treatment of amebia- 
sis. Ipecac or ipecacuanha root was formerly used in amebic dysentery, 
but very large quantities were required, and it was difficult to avoid' 
nausea and vomiting. Opium and morphine were added for this purpose, 
and in addition the powder, made into pills, was enclosed in keratin or 
salol, which prevented it acting on the stomach, the pills being dis- 
solved in the intestine, freeing the ipecac to exert its influence in that 
structure. But all these cumbrous methods have been rendered obsolete 
by the introduction of emetine into therapeutics. Rogers showed that 
the injection of the alkaloid is more efficient than the ipecacuanha 
treatment in amebic dysentery and in its sequela}, hepatitis and hepatic 
abscess. 

Amebiasis is due to the infestation of the colon by a pathogenic ameba, I 
Endamccba hisiolyiica. It is a widely prevalent disorder with an inci- j 
dence which varies from about 4 to 20 per cent in the United States 
but may infest over 50 per cent of the population in tropical areas. The 
amebte exist in a motile vegetative form (trophozoites) which invade 
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the intestinal wall and which may enter the blood stream and give rise 
to abscesses usually in tbe liver but occasionally in the brain or other 
tissues. The nmelue arc also found in the lumen of the gut ns cysts in 
which form they are excreted and transmitted to new hosts. These 
encysted forms of the protozoa arc found in convalescents from an 
acute attack of amebic dysentery as well as in those who manifest the 
disease in its asymptomatic form. 

In the treatment of amebiasis, three classes of drugs are utilized: (1) 
emetine hydrochloride, (2) arsenic in the form of carbarsonc and (3) 
some derivative of oxyquinoline. 

Emetine is administered intramuscularly in the form of its hydro- 
chloride. Subcutaneous injection is irritating and leads to the formation 
of painful indurations. In the treatment of acute amebic dysentery, 
emetine hydrochloride is administered once daily in a dosage not to 
exceed 1 mg. per kilogram of body weight per day over a period of 
seven to ten days in conjunction with carbarsonc or preferably one of the 
oxyquinoline derivatives described below. In the treatment of amebic 
hepatitis and abscess of the liver, the intramuscular injection of 
emetine hydrochloride, as indicated above for ten days, is combined 
when necessary with aspiration or drainage of the abscess cavity. 

Since emetine acts only on the parasites present in the tissues, it is 
not used in the treatment of chronic amebiasis. Moreover, because of 
its effects on the heart it should not be used in individuals manifesting 
evidence of myocardial disease. 

The double salt emetine bismuth iodide has been recommended for 
oral administration particularly in chronic amebiasis hut has little to 
recommend it. 

Preparations 


Ipecacuanha, ipecac, the dried rhizomes of Cephaelis ipecacuanha or of C. 
acuminata. 

~ ■ ■> ■ " ” ' 1 r ‘ n “- tic dose, 0.5 cc. 


or very slightly 
rly. 

ection, a sterile 


B.P. 

Ipecacuanha, ipecacuanha root. 

Ipecacuanha Pulyerata, pow’dered ipecac. Dose, 0.03 to 0.12 gram; emetic 
dose, 1 to 2 grams. 

Extra ctum Ipecacuanha Liquid um. Dose, 0 03 to 0.12 mil.; emetic dose, 
0.6 to 2 mil. . 

Tinctura Ipecacuanha. Dose, 0.6 to 2 mu.; emetic dose, 15 to 30 mil. 
Pulvis Ipecacuanha et Opii, Dover's powder. ^ Dose, 0.3 to 0 6jgram. 


Emetina et Bismuth: Iodidum, a complex iodide of emetine and bismuth. 
Dose, 0 06 to 0.2 gram. 

46 
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H. CARBARSONE 

Following the success which attended the introduction of the organic 
arsenic compounds in the treatment of syphilis an attempt was made by 
Marchoux to employ these products in the therapeutics of amebiasis. 
For this purpose he used acetarsonc (stovarsol), the acetyl derivative 
of amino-hydroxyphenyl-arsonic acid. Subsequently, treparsol was 
also used for the same purpose but this as well as acetarsonc arc only 
feebly amcbacidal. The arsenical of choice in the treatment of amebiasis 
is Carbarsone, (4-carbaminophenyl-arsonic acid). This compound has 
shown itself to be superior to acetarsonc, being less toxic and at the 
same time more actively amebacidal. 


OH 

HO — As=0 



NHCONH, 

Carbarsone 

Carbarsone is a white, almost odorless powder, very slightly soluble 
in water. It is administered orally in capsules containing 0.25 gram 
(4 gr.). The drug may also be given in a retention enema, 2 grams being 
dissolved in 200 cc. of a warm 2 per cent sodium bicarbonate solution. 
These, enema ta are given on alternate nights for 5 doses, the oral doses 
being omitted while the enemata are being employed. 

Administered to animals in minimal lethal doses carbarsone produces symp- 
toms of lethargy, loss of weight, abdominal distention and diarrhea. Postmortem 
examination shows renal necrosis with tubular degeneration. When doses within 
the therapeutic range are administered no toxic symptoms are observed and no 
tissue injury has been described. A possible toxic effect upon the optic nerve 
has to be considered, as the modified ammo group in the molecule is in the p3 ra 
position in relation to the arsenic. 
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The excretion of the drug has been studied in the human subject and 
it has been found to follow closely the excretion curve of acetarsone. 
The excretion in each case is rather slow and therefore there would appear 
to be a possibility of cumulative action of the drug if its use were con- 
tinued over a prolonged period. 

Although carbarsone appears to be a relatively non-toxic drug for use 
in amebiasis a few cases of poisoning have been reported. The symp- 
toms were in one case a local dermatitis while others have shown diar- 
rhea, localized edemas, and some visual disturbance. More commonly 
one observes abdominal distress, nausea, and vomiting, and rarely 
exfoliative dermatitis, but toxic reactions to the drug nre rare. 

Carbarsone not only acts on the protozoa present in the tissues but 
also on those present in the intestinal contents. However, despite its 
effectiveness as an amebacide it cannot be depended upon to eliminate 
the infection in all cases of acute amebiasis. For this reason it is given 
in doses of 0.25 gram (4 gr.) three times daily concurrently with emet inc. 
On the other hand, the relatively asymptomatic cyst-passer may be 
treated by carbarsone alone. For this purpose 3 or 4 capsules each 
containing 0.25 gram (4 gr.) arc administered orally three times daily 
for seven to ten days. After four to six weeks the stools arc reexamined 
for the presence of amebre. 

Carbarsone is contraindicated in patients manifesting liver or kidney 
disease. 

REFERENCES 

Epstein. Jour. Am. Med. Assn., 106. 760, 1036. (Tosicity.) 

Leake, et al.: Ibid.. 8S. 180, 105, 1032. 

Reed: Ibid., 103, 1224. 1934. 

Report of the Council on Pharmacy and Chemistry. Ibid., 103, 25S, 1934. 

SANDonoOHD and IIam!I.ton. Jour. Phann. and Exper. Therap., 78 . 109, 209. 1043. 
Yoonq and Buanows: V. S. Pub. Health Repta., 88, 1272, 1943. (In Balantidiasis.) 

Ht. HYDROXYQUINOLINE DERIVATIVES 

This group of nmebacides are halogcnated hvdroxyquinolinc deriva- 
tives. The principal ones in use are chiniofon, (quinoxyl), anayodin 
(yatren), vioform and diodoquin. They arc efficient nmebacides but 
their action is limited to the parasites present in the intestinal contents 
or on the surface of the intestinal mucosa, the parasites present in the 
tissues remaining unaffected. The drugs arc used concurrently with 
emetine in the treatment of acute or active amebiasis, for prophylaxis, 
and for the control of carriers. 

Chiniofon and diodoquin are contraindicated in cases of liver disease 
while none of this group should lx* med in patients suffering from severe 
kidney disease or those i\ ho rqanifcst an idiosyncrasy to iodine. 

SO.II 
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Chiniofon powder is a mixture of 7-iodo-8-hvdroxyquino!inc-5-suIfonie 
acid, its sodium salt and sodium bicarbonate. The free acid has also 
been employed for the treatment of amebiasis under the names yatren, 
loretin and anayodin. 

Chiniofon is a yellow powder with a slight odor and a bitter taste. 
It dissolves in water with effervescence due to the reaction of the uncom- 
bined bicarbonate upon the acid. It is given to adults in doses of 0.25 
to 1 gram three times daily or by enema 1 to 5 grain doses dissolved in 
200 cc. of warm water. It may he used in the above dosage concurrently 
with emetine in the treatment of active amebiasis or in doses of I gram 
(10 gr.) three times a day for eight to ten days in the treatment of 
carriers. 

Chiniofon causes diarrhea in a considerable percentage of cases, but 
aside from this disturbance, symptoms of intolerance seem to he rare. 
The drug is not ns active an nmcbacidc ns is vioform, making large doses 
necessary. 

Vioform (7-iodo-o-chlor-S-hydroxyquinoline) is a grayish-yellow pow- 
der which was originally introduced ns a substitute for iodoform and 
is used as a dusting powder for abrasions of the skin. Anderson 
and Koch discovered its nmchacidal activity in monkeys and David, 
Johnstone, Deed and Leake first reported its use in human amebiasis. 


Vioform 

Vioform is administered in the form of enteric coated tablets or 
capsules. A course of therapy consists in the administration of 0.25 
gram three or four times a day for ten days. At least a week or ten days 
should intervene between successive courses but it may be given in 
courses alternated with carbarsone. Like chiniofon it may also be 
given rectally. It is effective only in intestinal amebiasis and acts on 
both the motile and cystic forms of the ameba. 

Vioform is also used in the treatment of Trichomonas vaginalis vaginitis 
for which purpose it is usually insufflated as a powder (diluted ten times 
with magnesium trisilicate) into the vagina. 

I 


I 

OH N 
Diodoquin 

Diodoquin (5,7-diiodo-8-hydroxquinoIine) differs from vioform in 
containing a second iodine atom in place of chlorine. It is the most 
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recent of the halogenated hydroxvquinoline derivatives to be intro- 
duced for tiie treatment of amebiasis and preliminary studies indicate 
that it may prove superior to the older drugs. Diodoquin is relatively 
non-toxic, only headache occasionally following its use in therapeutic 
doses. It is administered in the form of tablets in doses of O.G gram 
(10 gr.) three times daily in conjunction with emetine. It has also been 
used alone for the treatment of active as well as asymptomatic cases, in 
which case it is given in the above-mentioned dosage for twenty days. 
This course of therapy must be repeated several times for complete 
eradication of the amebie. 

Preparation’s 
B. P. 

CniNIOFONUil, chiniofon, pulvis chiniofoni, a mixture of approximately four 
parts by weight of 7-iodo-8-hydroxyquinoline-5-suIphonic acid and one part 
by weight of sodium bicarbonate. Dose, 0 06 to 0 5 gram; rec tally, 1 to 5 grams. 
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T. SULFANILAMIDE AND ITS DERIVATIVES 

One of the most fascinating chapters in medical history has licen 
written in recent } cars bv the introduction of two important classes of 
chemotherapeutic agents— the sulfonamides and the antibiotics. These 
compounds have f urn idled the physician with potent .specific remedies 
with which many previously highly fatal infections can be counteracted. 
Although specifics against protozoal diseases were available in quinine 
and salvnrsan the sulfonamides were the first systemic nnti-infectives 
which proved effective against bacterial diseases. 

XII, 


sO,N Mi 
Sulfanilamide 

Sulfanilamide, the parent sub- inner of these derivatives was s\ tithe* 
sired in IPOS by Ge!m» and was widely u*c<| ns an intrrimdinn in tin* 
dye industry. Its virtues as a drug remained unknown although Hridcl* 
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Preparations 


tr.s. P. 


Dose, 0.1 gram. 


‘ne hydrochloride, mepacrine hydro- 
Dose, 0.1 gram. 

, quinacrine hydrochloride tablets'. 

B. P. 


Mepacrina: Hydrochloridum, atabrin, quinacrine. Dose, 0.05 to 0.1 gram. 
Tabeli^e MepacriN/E Hydrochloridi.- Dose, 0.05 to 0.1 gram. 
Mepacrin,e Methanosulphonas, atebrin musonat, quinacrine soluble. Dose, 
0.05 to 0.1 gram. 
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IV. PAMAQUINE (PLASMOCHIN, PLASMOQUINE) 

This synthetic compound was introduced by Miihlens in 1926 as a 
substitute for quinine in the treatment of malaria. It is iV-diethyl* 
amino-isopentyl-8-amino»6-methoxy-quinoline and as seen in the ac- 
companying formula, is not a derivative of 'quinine but is somewhat 
distantly related to it. It is used in the form of the dihydrochloride or 
the official naphthoate. It was found to be quite effective against bird 



malaria and on that account was introduced into the treatment of 
malaria in man. Here it lias been found to be quite active against the 
gametocytes and removes the crescents from the peripheral blood in a 
very short time. It renders the blood non-infective to mosquitoes thus 
preventing the transmission of malaria from one person to another. 
On the other hand, pamaquine has much less effect on the asexual form 
of parasites which are the cause of the clinical symptoms and which are 
very susceptible to quinine. On this account, pamaquine (plasmochin) 
was originally recommended for use in combination with quinine or at 
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Preparations 


U. S. P. 


Quinacrin/d Hydrociiloridcm, quinacrine hydrochloride, mcpacrine hydro- 
chloride, a bright yellow crystalline powder. Dose, 0.1 gram. 

Tabella: Quinacrine Htdrochloridi, quinacrine hydrochloride tablets 
Dose, 0.1 gram. 


B. P. 


Mepacrina: Hydrocrloridum, atabrin, quinacrine. Dose, 0.05 to 0.1 gram. 
Tarella: Mepacrina: Hydrochloride Dose, 0.05 to 0.1 gram. 
Mepacrina: Methanosulpiionas, atebrin musonat, quinacrine soluble Dose 
0.05 to 0.1 gram. 
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IV. PAMAQUINE (PLASMOCHIN, PLASMOQUINE) 

This synthetic compound was introduced by Muhlens in 192G as a 
substitute for quinine in the treatment of malaria. It is iY-diethyl- 
amino-isopentyl-8-amino-6-methoxy-quinoIine and as seen in the ac- 
companying formula, is not a derivative of quinine but is somewhat 
distantly related to it. It is used in the form of the dihydrocliloride or 
the official naphthoate. It was found to be quite effective against bird 



Pamaquine 

malaria and on that account was introduced into the treatment of 
malaria in man. Here it has been found to be quite active against the 
gametocytes and removes the crescents from the peripheral blood in a 
very short time. It renders the blood non-infective to mosquitoes thus 
preventing the transmission of malaria from one person to another. 
On the other hand, pamaquine has much less effect on the asexual form 
of parasites which are the cause of the clinical symptoms and which are 
very susceptible to quinine. On this account, pamaquine (plasmochin) 
was originally recommended for use in combination with quinine or at 
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(10 gr.) given daily three times after meals, for from two to three days, 
or until the fever is controlled/followed by 0.1 gram (1| gr.) of quinacrine 
(atabrinc), three times daily with meals for five days, and after an inter- 
val of two days without medication, pamaquine (plasmochin) in doses 
of 0.01 gram (£ gr.) three times daily after meals for three to four days. 

The wide experience gained in the Second World Warjn the treatment 
of malaria led to the establishment of quinacrine as the most important 
of the antimalarial drugs particularly because of its effectiveness in the 
suppression of falciparum infection. Pamaquine proved to be of little 
value. 

PREPARATION'S 


U. S. P. 


. the 
How 


B. P. 

Pamaquinum. Dose, 0.025 to 0.05 gram. 

REFERENCES 

Bishop: Parasitology, 34, 1, 1012. (Chemotherapy.) 

Chopra: Handbook of Tropical Therapeutics, Calcutta. Art Fress, 103G. 
Gentzkow and Calender: Am. Jour. Ilyg., 28, 174, 103S. 

— „ , lV - r>- . n -v T — •- n:. 77 1 10,0 

j •, ' . . ' . -o Action.) 


West and Henderson: iiuil. u. o. Army Mea. Dept., o2. a/, 1044. (Toxicity.) 


V. OTHER ANTIMALARIAL DRUGS 

During the recent war, a great number of compounds related chemi- 
cally to quinine, quinacrine, and pamaquine were synthesized and 
tested for their antimalarial action. • 

Several of those prepared were found to have advantages over the 
previously available drugs. Three of these may be referred to briefly here. 

The compound originally designated by the code number SN 7,618, 
is 7-chloro-4(4-diethylamino-l-methylbutyIamino) quinoline with the 
structural formula: 

CH, 

I 

NH — CH — CH« — CH, — CH, — N(C,Hi), 



It has been marketed as the diphosphate, under the trade-name, Aralen 
but is officially designated as chloroquine. It appears to be an effective 
suppressive when administered no more frequently than once a week 
in a well tolerated dose, terminates abruptly clinical attacks of vivax 
malaria, and cures falciparum malaria when administered for several 
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days. Unlike quinacrine, it docs not discolor the skin nor does it cause 
any disagreeable gastro-intcstinal symptoms. It is used in doses of 
1.5 gram of the free base (equivalent to 2.5 grams of the diphosphate). 
An initial dose of 1 gram, followed by an additional 0.5 gram after six 
to eight hours, and a single dose of 0.5 gram on each of two consecutive 
days produces prompt disappearance of symptoms and of parasitemia. 
For suppressive therapy, a dose of 0.5 gram (0 83 gram of the diphos- 
phate) once weekly is recommended. 

Another antimalaria! which has undergone experimental trial is SN 
13,276 (pentaquinc) which, as may be noted from its accompanying 
formula, is related to pamaquine over which, however, it has several 
advantages, being more effective therapeutically and less toxic in the 
doses required clinically. 



(cn .>> ch utmcanS 

Paludrine, N'-p-chlorophenyl-NMsopropyl-biguanide hydrochloride, 
has also been found to be non-toxic and more efficacious than mepacrine 
in the treatment of tertian malaria. It has been subjected to experi- 
mental studies by British investigators 

REFERENCES 

Ad\u3, d al.: Ann. Trop. Med.. 39. 225. 1945. (Paludrine ) 
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s. EMETINE AND OTHER ANTIAMEBIC DRUGS 
I. EMETINE (IPECACUANHA) 

. ^ Ipecacuanha (ipecac), derived from the root of Cephaelis or I’sych otria 
'or its emetic and expectorant virtues 
cent of total alkaloidal material which 
Ceph aline (CwHjsOJSV, Psychotrine 
uml others of less importance. Emetine as seen in the accompanying 
formula is a complex derivative of isoquinoline. It differs from cephaline 
by containing a methoxy (OCHj) instead of a phenolic (OH) group 
and may be prepared from cephaline by methylation. Cephaline is 
obtained bv reduction of psychotrine. Emetine and cephaline resemble 
0t ^ er action but the latter is ineffective as an expectorant 

while psychotrine is said to be almost inert. 

Symptoms and Action.— When administered internally emetine has 
a bitter, acrid taste, and produces a copious salivary secretion, fol- 
lowed later by nausea and vomiting. The drug is generally largely 
eliminated by vomiting, so that no further effects are observed. 
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The nausea and vomiting are accompanied by the usual symptoms 
—muscular weakness and depression, increased secretion of saliva and 
of mucus by the glands of the throat and respiratory passages, often 
perspiration, and generally temporary acceleration of the pulse. 



Quantities which are too small to provoke vomiting, induce pro- 
longed nausea with increased mucous secretion along the respiratory 
passages, and some perspiration. 

Emetine possesses a powerful Local Irritant Action, whicli is, how- 
ever, much more marked in certain individuals than in others. The 
smallest quantity of the powdered root of ipecacuanha is sufficient 
to induce in the subjects of this idiosyncrasy considerable swelling 
and injection of the conjunctival and nasal mucous membranes, with 
salivation, tears, sneezing, coughing, and bronchial catarrh. Wien 
applied to the skin as a liniment, it produces redness, itching and 
occasionally a pustular eruption, but when injected hypodermically 
the alkaloids do not irritate the subcutaneous tissues. 

The emetic action is mainly due to ipecacuanha irritating the stomach, 
and is thus a further example of its specific action on the mucous mem- 
branes. It is probable that there may be a further action on the medul- 
lary center when large quantities are injected intravenously in animals, 
but this is not involved- in the ordinary methods of administration. If 
the action were due to the effects of the drug after absorption, vomiting 
would be caused by a smaller dose injected hypodermically or intra- 
venously than is necessary by the mouth; but it is found that a dose of 
emetine sufficient to cause vomiting when swallowed, may be injected 
without any effects whatever. In the case of apomorphine, on the other 
hand, in which the action is central, the hypodermic emetic dose is 
smaller than that necessary when it is given by the mouth. The in- 
creased bronchial secretion, the perspiration, the acceleration of the 
pulse, and other attendant symptoms are similarly reflex in origin from 
the gastric irritation and do not indicate any direct action on the bronchi 
and other organs, 


EMETINE [IPECACUANHA) 


719 


Whet] lirm> flrnmi nm JnWiJ — : — >*- . . i' ' ' 

vom ■ . . ■ 

of c ■ ■ ■ ■ ■ 

of a ■ 

6ubcuiam,ouaiy or uni'aveuouuy may ia« to elicit vomiting, but the collapse 
symptoms appear, and after some weak convulsive movements, the animal 
dies of cardiac failure^ In those cases in which death follows rapidly on the 


advancing central 
ceasing early, and 
jS of the heart are 

•uiuucu iveux and irregular, ana eventually cease irom paralysis of the cardiac 
muscle. 

Ipecacuanha has long enjoyed a reputation in one form of tropical 
dysentery, and the discovery that the cause of this form of dysentery 
was an ameba (Entameba histolytica) was soon followed by Roger's 
discovery that emetine has a specifically poisonous action on this para- 
site. This specific toxicity cannot be demonstrated in ordinary forms 
of ameba, nor in other protozoa, and even the entameba of dysentery 
is not strikingly susceptible to emetine when exposed to it in the test- 
tube; sometimes 1 per mille or even 1 per cent of emetine has not killed 
the ameba in the test-tube uithin an hour. On the other hand the 
effects in cases of dysentery treated with emetine are very satisfactory 
and the entameba disappears from the stools and tissues. The quantity 
of emetine that comes in contact with the parasite must be even smaller 
than that of quinine in cases of malaria, and the equivalent concentra- 
tion is harmless to entameba outside the body. It is thus impossible to 
attribute the success of the treatment to a directly poisonous action on 
the parasite. Moreover, emetine fails to destroy the ameba present in 
the lumen of the bowel but only acts on the parasites present in the 
tissues. The amebacida! action of the drug is apparently then not a 
direct one but requires the intermediation of the tissues of the host. 
Experimental work upon the treatment of cats infected with amebie 
obtained from human sources have demonstrated that emetine wifi 
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exert a beneficial action in such infections; apparently in such experi- 
ments the drug will act in the same way as in the natural disease in man. 

Emetine and cephaline, the two chief alkaloids of ipecacuanha, re- 
semble each other closely in their effects, cephaeline being somewhat 
more irritant than emetine. Ipecacuanha owes its action to the alkaloids, 
and differs from them only in acting more slowly and in having less 
tendency to cause purging, owing to its containing a large amount of 
tannin. The relative action of the two alkaloids in dysentery has not 
been accurately determined, but emetine is superior to cephaeline. 

Therapeutic Uses.— -Ipecacuanha has been largely employed as an 
emetic, and although it has been replaced for some purposes, notably 
in cases of poisoning, by apomorphine, it still has a certain field of 
usefulness in cases in which an emetic is indicated, but in which the 
hypodermic method is objectionable. At present ipecacuanha is used 
chiefly as an expectorant in the treatment of inflammatory conditions 
of the respiratory passages. For this purpose it is prescribed in smaller 
quantities than those necessary to produce emesis. It acts indirectly 
through its nauseating properties, and has the advantage that its action 
is much more prolonged than that of apomorphine. It increases the 
secretion of the bronchial mucous membrane, and further tends to 
render it more fluid, so that the mucus can be coughed up more easily. 
The increased secretion may also be of service by protecting the inflamed 
and irritable membrane from the cold air and thereby lessening the 
cough; opium is often added in order to further allay coughing by depres- 
sing the center, the well-known Dover's powder being a favorite pre- 
scription for this purpose. When the secretion of the bronchi is already 
excessive, and the cough is rather to be encouraged than repressed, 
these preparations are of course contraindicated. 

Ipecacuanha is also employed as a diaphoretic, either alone or more 
commonly as Dover’s powder. The perspiration is not so copious as 
that following pilocarpine and other sudorifics, but resembles rather 
that produced by warmth applied to the skin. 

The principal therapeutic use of emetine is in the treatment of amebia- 
sis. Ipecac or ipecacuanha root was formerly used in amebic dysentery, 
but very large quantities were required, and it was difficult to avoid 
nausea and vomiting. Opium and morphine were added for this purpose, 
and in addition the powder, made into pills, was enclosed in keratin or 
salol, which prevented it acting on the stomach, the pills being dis- 
solved in the intestine, freeing the ipecac to exert its influence in tna 
structure. But all these cumbrous methods have been rendered obsolete 
by the introduction of emetine into therapeutics. Rogers showed tha 
the injection of the alkaloid is more efficient than the ipecacuanha 
treatment in amebic dysentery and in its sequeke, hepatitis and hepatic 
abscess. _ , 

Amebiasis is due to the infestation of the colon by a pathogenic ameba, 
Endamccba histolytica. It is a widely prevalent disorder with an inci- 
dence which varies from about 4 to 20 per cent in the United States 
but may infest over 50 per cent of the population in tropical areas, the 
amebic exist in a motile vegetative form (trophozoites) which invade 
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the intestinal wall and which may enter the blood stream and give rise 
to abscesses usually in the liver but occasionally in the brain or other 
tissues. The nmcbm are also found in the lumen of the gut as cysts in 
which form they arc excreted and transmitted to new hosts. These 
encysted forms of the protozoa arc found in convalescents from an 
acute attack of amebic dysentery as well as in those who manifest the 
disease in its asymptomatic form. 

In the treatment of amebiasis, three classes of drugs arc utilized: (1) 
emetine hydrochloride, (2) arsenic in the form of carbarsone and (3) 
some derivative of oxyquinoline. 

Emetine is administered intramuscularly in the form of its hydro- 
chloride. Subcutaneous injection is irritating and leads to the formation 
of painful indurations. In the treatment of acute amebic dysentery, 
emetine hydrochloride is administered once daily in a dosage not to 
exceed 1 mg. per kilogram of body weight per day over a period of 
seven to ten days in conjunction with carbarsone or preferably one of the 
oxyquinoline derivatives described below. In the treatment of amebic 
hepatitis and abscess of the liver, the intramuscular injection of 
emetine hydrochloride, as indicated above for ten days, is combined 
when necessary with aspiration or drainage of the abscess cavity. 

Since emetine acts only on the parasites present in the tissues, it is 
not used in the treatment of chronic amebiasis. Moreover, because of 
its effects on the heart it should not be used in individuals manifesting 
evidence of myocardial disease. 

The double salt emetine bismuth iodide has been recommended for 
oral administration particularly in chronic amebiasis but has little to 
recommend it. 

Preparations 
U. S. P. 

Ipecacuanha, ipecac, the dried rhizomes of Cephaelis ipecacuanha or of C. 
acuminata. t , __ 


B. P. 

Ipecacuanha, ipecacuanha root. 

Ipecacuanha Pulverata, powdered ipecac. Dose, 0.03 to 0.12 gram; emetic 
dose, 1 to 2 grams. 

Extra ctum Ipecacuanha: Liquidum. Dose, 0 03 to 0.12 mil.; emetic dose, 
0 6 to 2 mil. 

Tinctura Ipecacuanha:. Dose, 0.6 to 2 mil.; emetic dose, 15 to 30 mil. 


Emetines et Bismuthi Iodidum, a complex iodide of emetine and bismuth. 
Dose, 006 to 0.2 gram. 
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n. CARBARSONE 

Following tiie success which attended the introduction of the organic 
arsenic compounds in the treatment of syphilis an attempt was made by 
jMarchoux to employ these products in the therapeutics of amebiasis. 
For this purpose he used acetarsonc (stovarsol), the acetyl derivative 
of amino-hvdroxyphenyl-arsonic acid. Subsequently, treparsol was 
also used for the same purpose but this as well as acetarsone are only 
feebly nmebacidal. The arsenical of choice in the treatment of amebiasis 
is Carbarsone, (4-carbaminophenyl-nrsonic acid). This compound has 
shown itself to be superior to acetarsone, being less toxic and at the 
same time more actively amcbaeidal. 

OH 

I 

HO — As=0 

I 



NHCONH, 

Carbarsone 

Carbarsone is a w'hite, almost odorless powder, very slightly soluble 
in water. It is administered orally in capsules containing 0.25 g™ m 
(4 gr.). The drug may also be given in a retention enema, 2 grams being 
dissolved in 200 cc. of a warm 2 per cent sodium bicarbonate solution- 
These, enemata are given on alternate nights for 5 doses, the oral doses 
being omitted while the enemata are being employed. 


svfflD- 
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The excretion of the drug has been studied in the human subject and 
It has been found to follow closely the excretion curve of acetarsone. 
The excretion in each case is rather slow and therefore there would appear 
to be a possibility of cumulative action of the drug if its use were con- 
tinued over a prolonged period. 

Although carbarsone appears to be a relatively non-toxic drug for use 
in amebiasis a few cases of poisoning have been reported. The symp- 
toms were, in one case a local dermatitis while others have shown diar- 
rhea, localized edemas, and some visual disturbance. More commonly 
one observes abdominal distress, nausea, and vomiting, and rarely 
exfoliative dermatitis, but toxic reactions to the drug are rare. 

Carbarsone not only acts on the protozoa present in the tissues but 
also on those present in the intestinal contents. However, despite its 
effectiveness as an amcbacide it cannot be depended upon to eliminate 
the infection in alt cases of acute amebiasis. For this reason it is given 
in doses of 0.25 gram (4 gr.) three times daily concurrently with emetine. 
On the other hand, the relatively asymptomatic cyst-passer may be 
treated by carbarsone alone. For this purpose 3 or 4 capsules each 
containing 0.25 gram (4 gr.) are administered orally three times daily 
for seven to ten days. After four to six weeks the stools arc reexamined 
for the presence of nmebre. 

Carbarsone is contraindicated in patients manifesting liver or kidney 
disease. 
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HI. HYDROXY QUINOLINE DERIVATIVES 

This group of nraebacides are hnlogcnatcd hvdroxyquinoline deriva- 
tives. The principal ones in use arc chiniofon, (quinoxvl), nnayodin 
(yntren), vioform and diodoquin. They arc efficient nmebneides but 
tiicir action is limited to the parasites present in the intestinal contents 
or on the surface of the intestinal mucosa, the pararites present in the 
tissues remaining unaffected. The drugs arc u'cd concurrently with 
emetine in the treatment of acute or active amebiasis, for pmplij laxis, 
nnd for the control of carriers. 

Cluniofon nnd diodoquin arc contraindicated in cases of liver drca^c 
while none of this group should be u^cd in patients suffering from severe 
kidney disease or those who njanifest an idiosyncrasy to incline. 

SO.II 


1 


Iodo*hydrox7tjulaollncrjlfoiiJc add 
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Chiniofon powder is a mixture of 7-iodo-8-hydroxyquino]ine-5-suIfonic 
acid, its sodium salt and sodium bicarbonate. The free acid has also 
been employed for the treatment of amebiasis under the names yatren, 
loretin and anayodin. 

Chiniofon is a yellow powder with a slight odor and a bitter taste. 
It dissolves in water with effervescence due to the reaction of the uncom- 
bined bicarbonate upon the acid. It is given to adults in doses of 0.25 
to 1 gram three times daily or by enema 1 to 5 gram doses dissolved in 
200 cc. of warm water. It may be used in the above dosage concurrently 
with emetine in the treatment of active amebiasis or in doses of 1 gram 
(10 gr.) three times a day for eight to ten days in the treatment of 
carriers. 

Chiniofon causes diarrhea in a considerable percentage of cases, but 
aside from this disturbance, symptoms of intolerance seem to be rare. 
The drug is not as active an amebacide as is vioform, making large doses 
necessary. 

Vioform (7-iodo-5-chlor-8-hydroxyquinoline) is a grayish-yellow pow- 
der which was originally introduced as a substitute for iodoform and 
is used as a dusting powder for abrasions of the skin. Anderson 
and Ivoch discovered its amebacidal activity in monkeys and David, 
Johnstone, Reed and Leake first reported its use in human amebiasis. 



Vioform 


Vioform is administered in the form of enteric coated . tablets or 
capsules. A course of therapy consists in the administration °f 0.-5 
gram three or four times a day for ten days. At least a week or ten days 
should intervene between successive courses but it may be given in 
courses alternated with carbarsone. Like chiniofon it may also be 
given rectally. It is effective only in intestinal amebiasis and acts on 
both the motile and cystic forms of the ameba. 

Vioform is also used in the treatment of Trichomonas vaginalis vagini s 
for which purpose it is usually insufflated as a powder (diluted ten times 
with magnesium trisilicate) into the vagina. 


I 



Diodoquin 

Diodoquin (5,7-diiodo-8-hydroxquinoline) differs from vioform in 
containing a second iodine atom in place of chlorine. It is the mos 
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recent of the halogenated hydroxyquinoline derivatives to be intro- 
duced for the treatment of amebiasis and preliminary studies indicate 
that it may prove superior to the older drugs. Diodoquin is relatively 
non-toxic, only headache occasionally following its use in therapeutic 
doses. It is administered in the form of tablets in doses of O.C gram 
(10 gr.) three times daily in conjunction with emetine. It has also been 
used alone for the treatment of active as well ns asymptomatic cases, in 
which case it is given in the above-mentioned dosage for twenty days. 
This course of therapy must be repeated several times for complete 
eradication of the amebte. 

Preparations 

B.P. 

CniNiofONOM, chiniofon, pulvis chiniofoni, a mixture of approximately four 
parts by weight of 7-iodo-S-hydroxyquinoline-5~sulphonic acid and one part 
by weight of sodium bicarbonate. Dose, 0 06 to 0.5 gram; rectally, 1 to 5 grams. 
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T. SULFANILAMIDE AND ITS DERIVATIVES 

One of the most fascinating chapters in medical history lias been 
written in recent years hy tlic introduction of two important classes of 
chemotherapeutic agents— the sulfonamides and the antibiotics. Thc«c 
compounds have furnished the physician with jxitent specific remedies 
with which many previously highly fatal infections can he counteracted. 
Although specifics against protozoal di-eascs were available in quinine 
and snlvarsan the sulfonamides were the first systemic anti-infretivrs 
which proved effective against bacterial diseases. 



Sulfanilamide 


Sulfanilamide, the parent substance of these drrn mixes wa* vinthe* 
sized in IPOS by Gel mo and \'ns widclv u->cd ns nn inti rim-diary in the 
dvc industry'. Its virtues ns n drug remained unknown although Hridrl* 



726 


SUBSTANCES ACTING AFTER ABSORPTION 


berger and Jacobs, in 1919, had noted the bactericidal effect of com- 
pounds of the sulfanilamide type; but they had failed to pursue their 
observations. In 1932 JVIietsch and Klarer synthesized sulfamidochry- 
soidin or prontosii as it was designated, which Domagk in the same year 
demonstrated could protect mice infected with beta hemolytic strepto- 
cocci. His results, however, were not published until 1935 after pre- 
liminary clinical reports had appeared on the use of the drug in human 
streptococcic infections. In 1935, another soluble compound designated 
as neoprontosil was introduced by the same investigators. Prontosii 
(4-sulfonamido-2, 4-diamino-azobenzene) is sulfanilamide in an azo 
(N = N) linkage with diaminobenzene; neoprontosil is the analogous 
compound formed with the 7-acetylamino-l-oxy-3, 0-sodium disulfonate 
of naphthalene. 


NHi OH 



Prontosii Neoprontosil 

Soon after the introduction of prontosii, the Trefouels, Nitti and 
Bovet, showed that this compound was decomposed in the body and 
that its simpler component, para-aminobenzene sulfonamide (sulfanila- 
mide), actually exerted all of the effects previously attributed to the 
more complex prontosii. This finding was soon confirmed in other 
laboratories and with the application of sulfanilamide in the treatment 
of human infections, its effectiveness, particularly in streptococcal 
infections, was soon amply demonstrated. 

Despite its remarkable therapeutic action in streptococcal infections, 
sulfanilamide was found to be relatively inactive in other common 
bacterial infections and in addition proved rather toxic, inducing acidosis 
and a bluish discoloration of the blood when administered over a long 
period. An attempt was therefore made to prepare related compounds 
which proved superior to sulfanilamide in that they were more effective 
in other than streptococcal infections. In general, polycyclic molecules 
are less toxic than those containing a single benzene ring and hence 
various compounds were linked to sulfanilamide to form more complex 
molecules. Sulfapyridinc, in which sulfanilamide is combined wit 
pyridine, was found to be highly effective in infections with the pneu- 
mococcus in which sulfanilamide has but feeble action. However, this 
compound was highly toxic afid was soon superseded by sulfathiazole in 
which the sulfanilamide radical was attached to the thi azole ring instea 
of to pyridine as in sulfapyridine. This compound not only possessed 
advantages over sulfapyridine in its lesser toxicity but was also foun 
to be more polyvalent in its antibacterial activity, being effective 
against a number of bacterial agents — the streptococcus, pneumococcus, 
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staphylococcus, B. coli, gonococcus, meningococcus, etc. Sulfadiazine, 
the next important compound to be introduced was superior to its 
predecessors in its relatively low toxicity and in addition had a rather 
wide range of activity against bacterial infection so that it inturn became 
the drug of choice surpassing previously introduced compounds. 

A total of several thousand derivatives of sulfanilamide have been 
prepared but only a few of these have been found to possess sufficient 
advantages to render them of therapeutic value. In addition to the 
compounds already mentioned, others have been found of value and are 
discussed below. 

Sulfanilamide, the parent compound of this series of drugs is the 
amide of sulfanilic acid. It diffuses throughout the body tissues and 
fluids. When given orally it is absorbed within four to six hours and 
requires forty-eight to seventy-two hours to be entirely eliminated from 
the body. Like the other sulfonamide derivatives, it is partially con- 
verted to the acetyl derivative in the body and excreted in part in this 
form. The degree of this acetylation varies in different animals ; tn man, 
it is acctvlated only relatively slightly (10 to 20 per cent). It induces 
the toxic reactions common to all the sulfa drugs, except for renal injury 
secondary to the deposition of the drug in the kidney. It is particularly 
prone to cause nausea and vomiting. It and sulfacetamide are the two 
1 1 * ' ’• , fall in the carbon- 

‘ ■ ' *ed by the equally 

effective and less toxic drugs available and except for several conditions 
in which it is preferred it is used in cases where other drugs have failed 

or * ’ ’ ’ *’ 1 of renal injury. 

f pyridine, is much less 
so ■ very irregularly from the 

gastro-intestinal tract and hence must be administered parcnterally 
when it is desired to maintain adequate and constant blood levels. It 


NH, 
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Sulfapyridine 


is much more effective against the pneumococcus and was u«ed originally 
in pneumococcal pneumonias. However, it has given place to the less 
toxic sulfathiazole and sulfadiazine and is rarely u^cd at present. 

Sulfathiazole, the first of the heterocyclic compounds to be introduced 
into therapy, contains a thiazole ring substituted in the sulfonamide 
side-chain of sulfanilamide. Although only slightly soluble it is absorljed 
and excreted rapidly. All of the drug is excreted from the l>ody within 
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twenty-four hours after the administration of a single dose. About 
12 per cent of the injected drug is acetylated in the body but this acetyl 


NH, 



Sulfathiazole 


derivative is very insoluble .and tends to give insoluble renal concretions. 
It is more polyvalent in its effects than other sulfonamide derivatives, 
being effective against the staphylococcus as well as the hemolytic 
streptococcus, meningococcus, gonococcus and pneumococcus. Although 
diffusing only poorly into the cerebrospinal fluid of the normal animal 
this apparently is not the case in infections of the meninges for it has 
been used successfully in meningitis by oral administration alone. 

Sulfadiazine consists of a pyrimidine nucleus attached to sulfanilamide. 
Administered orally, it is absorbed less rapidly and less completely than 
sulfathiazole or sulfanilamide and it is conjugated to the acetylated 
form in a lesser degree than these drugs. It also fails to diffuse into the 
body fluids as readily as sulfanilamide or sulfathiazole. However, it 
NH, 

N CH 

saNH— i: 

N=Ah 

Sulfadiazine 

passes into the cerebrospinal fluid as does sulfanilamide. It is secreted 
more slowly than any of the preceding drugs and is only slightly acety- 
lated. It has the unique distinction of forming a relatively soluble 
acetyl derivative. Its general toxicity is also relatively low so that it 
has to a large extent displaced the older drugs for general use. 

NH, 

k ) N CH 

SO.NH— S Ah 

jI=Ach. 

Sulfamerazine 

Sulfamerazine, the methyl derivative of sulfadiazine, differs from 
sulfadiazine chemically in having a methyl group substituted for one of 
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the hydrogens in the pyrimidine nucleus. Unlike certain other methyl 
derivatives the toxicity of sulfamerazine is not increased over sulfadia- 
zine. The therapeutic action of sulfamerazine is very similar to that of 
sulfadiazine but it has the advantage over the latter that it can be pre- 
pared more easily and is more rapidly absorbed and less rapidly excreted. 
Hence effective blood levels are attained more rapidly following the 
oral administration of sulfamerazine than is the case after the adminis- 
tration of equal amounts of sulfadiazine or sulfathiazole. The slower 
excretion of sulfamerazine also results in the maintenance of the blood 
level for a longer period and necessitates less frequent administration 
of the drug to maintain a relatively constant blood level. 

The therapeutic indications for the use of sulfamerazine are essentially 
those of sulfadiazine. The same general toxic manifestations are 
observed in the case of both drugs, but the incidence of renal involve* 
ment is perhaps somewhat less in the case of sulfamerazine. 

NH> 

HC=N 

so,Nii-i in 

JU-h. 

Sulfapyrazine 

Sullapyrarine is the sulfanilamido derivative of pyrazino, an isomer 
of pyrimidine. It differs from sulfadiazine in the relative positions of 
the N-atoms of the pvrazine ring. Sulfapyrazine resembles sulfadiazine 
in its low order of toxicity and general actions. It is absorbed and 
excreted rather slowly and is ncctvlated only to a small degree. It i* 
secreted into the cerebrospinal fluid reaching concentrations of one-half 
to two-thirds of the blood level within twelve hours following its intra- 
venous administration. 

The indications for the u>c of sulfapyrazine on* similar to tlm**e of 
sulfadiazine. 
of dysentery d 

Intestinal Antiseptics.— ccicrai MiuonaniHie uerivames nine own 
prepared for use ns intestinal antiseptics. Thr-e compound* are nfwrfted 
only poorly from the gastro-intestinnl tract and hence permit the attain* 
ment of a "high concentration of the drug in tlir lumen of the gut where 
they exert their action. 

Salts gu anidin e (sulfnnilslgunnidinc), a combination of «ulfanUsm!de 
and guanidine, was tlic first of tfic intestinal antiseptics of the sulfona- 
mide series to Ik* introduced into medicine. Although fairly soluble in 
water it is poorly ni^orlK-d from the intestinal tract. It has l*wn uvd 
for the treatment of bacillary dysentery and in conjunction with surgerj 
on the l>owri but has l*rn largely superrded in medical practice by the 
corresponding *uUatl»iazole derivatives in surgery and by tie i:*e of 
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systemic anti-infectives such as sulfathiazole or sulfadiazine in the treat- 
ment of bacillary intestinal infections. 


NH, 



Sulfanilylguanidine 


Succinylsulfathiazole (Sulfasuxidine), a combination of sulfathiazole 
and succinic acid, is only slightly absorbed from the gut. The drug is 
inactive in vitro and probably owes its action in the intestine to the 
liberation of sulfathiazole. It reduces markedly the bacterial flora as 


NHCOCHjCHjCOOH 



Succinylsulfathiazole 


demonstrated by the reduction in the count of the coliform organisms in 
the stool which is rendered semifluid and practically odorless after ade- 
quate therapy. 

Phthalylsulfathiazole [2-(N 4 -phthalyI-suIfanilamide) thiazole], a con- 
densation product of phthalic anhydride and sulfathiazole, is the most 
recent of the intestinal antiseptics introduced into medicine. It differs 
from sulfasuxidine in containing phthalic acid instead of succinic acid 
linked to sulfathiazole. It is only very slightly absorbed from the gut 
and is superior to sulfasuxidine in that much smaller doses are required 
to elicit the same therapeutic response. 

Sulfacetimide (N'-acetyl-suIfanilamide) commercially designated as 
sulamyd or albucid was introduced for use as a urinary antiseptic. It 


NH, 



SOjNHCOCH, 

Sulfacetimide 

contains an acetyl group in the — SO 2 NH 2 side-chain of sulfanilamide 
rather than in the — NH 2 group, the position acetylated when sulianua- 
mide is administered. 
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Sulfamylon (marfanil, 5ulfnlK*n3^niin*', homwulfanihnnide, R-.r- iiijin) J\ 
of infm-'t in fin* fact (hat nnlihc (hr other >ulf<mamt<fr at*\ r ^ tl »* 
ninino group is separated from the l^nn-n** rite l»v a tiK*hvhn«* group 
It is n jKirmnnmcthvl benrene fulfonamide instead of ;~arnijv l^rrrr.r 
sulfonamide ns in tltc cn*c of sulfanilamide. Uhr the other «u!h t.arr.j<!r* 


SO»NH, 



CH.NIJi 

S=!f«ny!cn 


it is active ngniti't grnni*i»>*itivr ntgmbtn' ‘Urb a* o«rri, 

stn'ptnaxri, ?tnp!»\h>r«*cci, i tc., l>t:t i« xd«o effect i\ e rfajn-t *« rf.in* 
negative bacteria M«1 ntir ruble* as w<H n> a*-n*l ic e :gnr It* 
principle interest lies in the fact tl at it i< npjurmtlv -ujrrj. • t>» tl r 
otlirr sulfonatnidr «Irur« when applied 1« *mlly. 

Premia, a diamin*wliphrnvl*ulfore derivative of glottr#* J w Attracts! 
interest !>rcnu«e of its tfhrtivrr.e** nrair.'t lie tid-rr!" I sr»!lw» in t 1 *- 
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methyl derivative (diseptal B) have also been used therapeutically. The 
dimethyl derivative, diseptal A or uliron, has been most widely employed. 
The methyl group in these compounds is substituted for the hydrogen 
of the SO2NH2 group. 


NH, 



Action.— The experimental evaluation of a sulfonamide drug involves 
the determination of its acute and chronic toxicity in the normal experi- 
mental animal, its effects on various organisms in mtro, its activity in 
the infected animal, the study of its absorption, excretion and distribu- 
tion in the organism, and the changes undergone by the drug in passing 
through the host as well as its clinical evaluation in human infections. 

The concentration of the sulfonamides in the blood, urine or tissues 
may be determined with relative ease by diazotization of the drug with 
nitrous acid and coupling the resulting diazo compound to form a dye 
the concentration of which is determined colorimetrically (Bratton and 
Marshall). By the use of this procedure it has been possible to study 
the absorption, excretion and distribution of the drug in the tissues and 
body fluids. ■ 

The physical, physiological, pharmacological and chemical properties 
of the various sulfonamide drugs determine their behavior in the organ- 
ism. Thus their solubility determines their absorbability and suitability 
as intestinal antiseptics. Their rate of absorption and excretion de- 
termines the dosage and frequency of administration, as well as then 
potential usefulness as urinary antiseptics. Those drugs which are 
highly concentrated in the urine may serve as urinary antiseptics. 
However, the insolubility of most of the effective compounds causes their 
precipitation in the urinary tract and thus limits their use for this 
purpose. _ , 

Most of the sulfonamides are acetylated in the body. This acetylated 
form is usually inactive therapeutically and in some cases less soluble 
than the parent substance. This results in their precipitation in the 
tissues and is probably partly responsible for some of the toxicity shown 

NHCOCH, 



SOjNHi 


Acetylsulfaw'Iamfde 
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by the drugs. In the process of acetylation, an acetyl group is intro- 
duced into the amino group attached to the benzene ring. Only in such 
compounds in which this group already contains a substituent does 
acetylation fail to occur. 

The primary action of the sulfonamide derivatives is bacteriostatic, 
'these drugs inhibiting the multiplication of the invading organisms and 
allowing the normal cellular defensive mechanisms of the body to sup- 
press the infection. The drugs do not act on the normal defense mechan- 
isms of the organism, neither the production of antibodies nor the normal 
phagocytic activity being affected by the drugs. Unless these normal 
mechanisms are capable of response, the drugs fail to eradicate an infec- 
tion. In general, there is a fairly good correlation between the in vitro 
activity of a given sulfonamide and its in vivo action. However, no 
simple procedure is available for the determination in vitro of the 
probable effectiveness of a given drug. 

Although the sulfonamides in general are bacteriostatic they may 
exert a bactericidal effect when present in high concentrations under 
certain conditions. Thus in certain urinary infections, the high con- 
centrations of the drug may actually sterilize the urine when the pH of 
this fluid is optimal. 

The exact mechanism whereby the sulfonamide derivatives as well as 
the antibiotics and antiseptics generally exert their action is still un- 
known. All of these agents act by killing or inhibiting the growth of 
the infectious agent in the invaded tissues of the host rather than by 
stimulating defense mechanisms of the body, by decreasing the toxic 
manifestations, or by otherwise rendering the organism resistant to the 
invading pathogens and their toxins. _ 

It is very probable that the bactericidal and bacteriostatic action of 
the antiseptic drugs depends upon the reaction of the drug with some 
chemically reactive group of the cell. These receptors, as they were 
designated by Ehrlich, are probably of diverse type. In some cases, the 
drug attaches itself to the surface layer of the invading organism thereby 
interfering with its normal activities. In other instances the drug 
unites with some vital enzyme system of the bacteria. Such enzyme 
systems may either be inactivated by their union with the drug or 
because of the similarity in molecular structure of the drug and normal 
substrate, the former reacts with the enzyme, thereby blocking reactions 
requisite for the multiplication of the bacteria. 

NHj 

0 

COOH 

Para-aminobenzolc add 

In the case of the sulfonamide derivatives, the available evidence 
indicates that they exert their antibacterial effects by competition with 
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certain substrates as just outlined. This view is based on the observa- 
tion of the existence of certain antagonists to the sulfonamide drugs. 
The principal antagonist is para-aminobenzoic acid which plays a 
role in the metabolism of many bacteria and which resembles sulfanila- 
mide in its chemical structure. Because of this resemblance, it is 
assumed that the enzyme system of the bacteria combines -with the 
sulfonamide instead of with their normal essential constituent, para- 
aminobenzoic acid, and that further metabolic activities upon which 
multiplication depends, remains in abeyance. 

The above described theory accounts for the ineffectiveness of the 
sulfonamide drugs in the presence of pus or products of tissue destruc- 
tion. The latter contain ample amounts of para-aminobenzoic acid 
which competes with the available drug. 

Although suggestive of the general type of mechanism involved, it is 
unlikely that the simple theory of competition with para-aminobenzoic 
acid completely accounts for the action of the sulfonamide drugs. For 
example, the chemical constitution of marfanil as well as some of the 
more complex sulfonamide drugs differs from that of para-aminobenzoic 
acid to such a degree as to render the hypothesis outlined improbable. 

It can only be said that it is probable that these drugs react so as to 
interfere with some phase of bacterial metabolism vital to their con- 
tinued multiplication. 

Toxicity.— The sulfonamide drugs, in general, are remarkably inert 
insofar as their physiological effects and acute toxic effects in the experi- 
mental animal are concerned. In mice, for example, the peroral L. D. 50 
(the minimal lethal dose that will kill 50 per cent of the animals) of 
sulfanilamide is between 3 and 4 grams per kilogram of body weight 
and the growth rates of young rats are not appreciably disturbed by the 
daily administration of from 0.25 to 1 gram per kilogram of body weight 
The drug thus possesses a relatively low degree of toxicity which is even 
less pronounced in some of the other members of this group. However, the 
toxic effects noted in man frequently represent idiosyncrasies to the 
drug that are not reproducible in animals and it is these manifestations 
w'hich are of importance in their practical use. 

The toxic reactions observed following the use of the various sulfona- 
mide derivatives vary to some extent with the different members of 
this group. Sulfanilamide and sulfapyridine are prone to give violent 
reactions; sulfatbiazole is less toxic; while sulfadiazine, sulfamerazine 
and the drugs used as intestinal antiseptics are least apt to give unde- 
sirable reactions. 

In sensitive individuals the administration of even a half gram or less 
of the drug may result within an hour or two in a rise in body tempera- 
ture, headache, nausea and other evidences of acute toxicity. Rarely 
reactions suggestive of anaphylaxis may occur (Black-Schaffer). 

Anorexia, Nausea and Vomiting are common complications which fol- 
low the use of the sulfonamides. It is least frequent, occurring only in 
about 5 per cent of patients, receiving sulfadiazine or sulfamerazme. 

It is not uncommon, as already indicated, following the administration 
of sulfathiazole and sulfanilamide and almost always occurs after sulfa- 
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pyridine. These toxic reactions are probably secondary to effects of the 
drug on the central nervous system. Other evidences of such central 
action are headache, dizziness and lassitude. These may suggest alco- 
holic intoxication and from the frequent occurrence of these symptoms 
the driving of an automobile or other pursuits in which dizziness may 
lead to accident should be forbidden in the course of sulfanilamide 
therapy. Although neuritis is a rare complication following the common- 
ly used sulfonamides, its occurrence has prevented the adoption of some 
derivatives which otherwise showed promise of therapeutic usefulness. 

Dermatitis consisting of a morbilliform rash sometimes follows the use 
of the sulfonamide compounds, ft usually appears several days to a 
week after beginning the administration of the drug and when ac- 
companied by fever may be mistaken for one of the exanthematous 
diseases. In rare cases the continuation of the drug may lead to exfolia- 
tive dermatitis. 

Toxic manifestations resulting from untoward effects of the sulfona- 
mide drugs on the hematopoietic system are among the more serious 
complications of this form of therapy. An acute or slowly developing 
hemolytic anemia may be encountered usually in patients who have 
received the drugs for two or more weeks, but may also occur at an 
earlier time. Leukopenia and granulocytopenia may occur abruptly at 
any time but most often also after prolonged courses of therapy. Because 
of these changes in the blood, frequent blood counts are essential with 
prompt cessation of therapy when complications appear. 

Among the other alterations in the blood seen during sulfonamide 
therapy are thrombocytopenia which occurs occasionally and may he 
sufficiently severe to give rise to purpura. 

Sulfanilamide also causes a bluish discoloration of the blood which is 
evidenced by cyanosis and has been attributed to the formation of 
methemoglobin as well as to the formation of some unidentified oxida- 
tion product of this drug. 

Acidosis, - ‘ 1 ' •* • r ~ :J r* r * i 

occurs com: . ■ 'her 

drug of the ■ u ’ v . _ . ‘ ' .‘ n 

the doses with which this is usually used, this is of little practical sig- 
nificance. 

One of the most serious toxic effects of the sulfonamide drugs, with 
the exception of sulfanilamide, is their effect on the kidney. Since 
the commonly used drugs as well as their acetyl derivatives are rela- 
tively insoluble in water and since the drugs are concentrated in the 
urine, it is npparent that there will be a tendency for them to precipitate 
in the urinary tract. This is particularly true of sulfathiazolc and sulfa- 
pyridine but may also occur with sulfadiazine. The precipitation of 
concretions of these drugs may lead to complete occlusion of the urinary 
tubules. 

The urinary complications which follow the administration of sul- 
fanilamide derivatives will be determined by the solubility of the various 
drugs and their N*-a cetyl derivatives in the urine and the concentration 
of the drug in the urine which is determined by its rate of excretion. 
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Acetylsulfathiazole is the least soluble of the group in urine whereas 
sulfathiazoleis the most soluble in acid urine. Since sulfathiazole is 
excreted rapidly it is evident that levels which exceed the solubility 
particularly of the acetylated derivative may easily be attained and 
lead to renal complications when this drug is used. 

The solubility of certain of the sulfanilamide derivatives in urine is 
markedly increased by an increase in alkalinity. This, however, is not 
universally true, the solubility of acetylsulfathiazole, acetylsulfapyridine 
and sulfapyridine, being little affected by a change in pH from 5.6 to 7.5. 
On the other hand, the solubilities of sulfathiazole, sulfadiazine, sulfa- 
merazine, acetylsulfadiazine and acetylsulfamerazine are 2\ t 8, 4, 8 and 
5 times, respectively, as soluble at pH 7.5 as they are at 6.5. It is 
obviously desirable to maintain the urine in an alkaline state during the 
administration of these drugs so as to help avoid their deposition in the 
urinary tract. This may be done by the concurrent administration of 
bicarbonate of soda or other alkajinizing salts. In addition, it is impera- 
tive that the urinary volume be maintained above 1,500 cc. to avoid 
undue concentration of the drugs which would favor their deposition. 
This is particularly true during warm weather or in patients in whom 
the urinary output may be diminished. Daily examination of the urine 
for red blood cells should also be made for evidence of early renal damage 
and attention given to pain in the flank as a sign of kidney involvement. 

With alkalinization and the maintenance of an adequate urinary 
volume, renal complications are infrequent. However, the urine should 
be examined at intervals for the appearance of red blood cells and pam 
in the inguinal region noted, as these are usually the first evidence of 
renal irritation. 

Sulfanilamide has not been demonstrated to cause renal complications. 
Hence, it is preferred in cases in which there is preexisting renal damage 
( e . g., acute nephritis). 

A rare renal complication of sulfonamide therapy is cortical necrosis 
(or toxic nephrosis) of thejkidney. 

Certain of the toxic reactions such as nausea and vomiting, are more 
common following the use of certain of the drugs (sulfanilamide, sulfa- 
pyridine) than others and hence may at times be avoided by changing to 
another member of the series. However, a patient showing reactions 
attributable to an idiosyncrasy to the drugs will usually manifest this to 
all members of the series and is liable to have a more severe reaction if 
one or another of these compounds is prescribed a second time. Hence, 
great care must be taken when these drugs are given to patients who 
previously have had a reaction. Repeated administration of the sulfona- 
mides apparently leads to sensitization similar to that seen with other 
allergens. 

In vast scale experiments in which sulfadiazine has been used prophy- 
lactically in the armed forces, the incidence of mild toxic manifestations 
has been reported to be about £ per cent with severe reactions in only 
one individual in 10,000. However, when larger doses of this drug or 
sulfamerazine are used in the treatment of infections the incidence of 
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toxic manifestations is much greater as shown in the accompanying 
table. 

Incidence or Toxic Effects in 3IC Patients Treated TVitr Sdlfadiiztnf «nd 
Sulfamera eine. (Froro the Data of Hall and Spink and Clark, 

FSippin anti Murphy.) 

Toxic Manifestation percent* 

- »0 

l Gross . . 0 9 


Nausea and Vomiting , 4 1 

Drug fever . 2 5 

Dermatitis . 2 6 

Leukopenia 1 c 


Therapeutic Use, —In the therapeutic use of the sulfonamide deriva- 
tives, certain general principles should be kept in mind. An exact 
bacteriological diagnosis is necessary in order to limit the use of the 
drugs to those conditions in which they are effectual. The empirical 
use of the drugs is both irrational and dangerous. Only in severely ill 
individuals, and in epidemics where there is presumptive evidence 
favoring the diagnosis, is it justifiable to proceed with therapy prior to 
making an exact diagnosis to determine if sulfonamide therapy is indi- 
cated. The promiscuous use of the drugs in minor conditions for which 
other less toxic substances are available is also to be deprecated. 

It is important to maintain a sufficient concentration of the drug in 
the body in order to elicit its maximal effectiveness and to avoid an 
excess of the drug which might lead to toxic reactions. Moreover, since a 
variable proportion of the drug is converted to the acetyl derivative 
which is inactive therapeutically, but which nevertheless may exert the 
toxic effects of the drug, it is desirable to know the concentration of 
both the free and combined drug present in the blood. Only by fre- 
quent blood analyses can optimal blood levels be maintained and toxic 
levels avoided during the course of therapy. 

The particular sulfanilamide derivative to be used in any given clinical 
condition varies depending upon the nature of the infectious process. 
Although there is, in general, a marked similarity in their action, certain 
of the drugs are more effective than others in a given condition. In 
general, sulfadiazine and sulfamerazinc are used where possible because 
of their relative lack of toxicity and untoward reactions which follow 
their use. They are used particularly in infections due to meningococci, 
pneumococci, staphylococci, streptococci, or Friedlander’s bacillus. Sulfa- 
diazine is considered to be the drug of choice in infections due to Lance- 
field’s Group A organisms. These drugs are also used in undulant fever 
although their effectiveness in this disease is questionable. Sulfathiazole 
is more polyvalent in its action. It is considered the drug of choice in 
infections due to E. coli, trachoma, gonococcal infections, pneumonia 
due to staphylococci, staphylococcic infections generally, and in tular- 
emia. However, recent evidence would indicate that sulfadiazine is as 
effective as sulfathiazole in the treatment of staph} lococcic infections. 
Sulfathiazole is also used in genito-urinary tract infections. These are 
usually of a mixed type and the drug appears in higher concentrations 
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in the urine. Acetylsulfanilamide is also used in urinary tract infections, 
due to ite being relatively non-toxic in the small doses necessary for 
maintaining an effective concentration in the urine. Sulfanilamide is 
the drug of choice in actinomycosis, chancroid, lymphogranuloma 
venereum, in acute nephritis and in erysipelas. 

There is usually definite evidence of therapeutic effectiveness within 
twenty-four to forty-eight hours following the administration of a 
sulfonamide drug if this has been administered in ample dosage in a 
susceptible infection (c/. Fig. 73). Should the desirable response not be 
evident after a suitable period of trial, another member of the sulfona- 
mide series should be substituted or preferably an antibiotic be used if 
tlie organism is susceptible to the latter. In the case of the sulfonamides, 
sulfathiazole and sulfapyridine are the drugs of second choice in infec- 
tions due to pneumococci, meningococci or in tularemia. Sulfanilamide 
is the second choice in trachoma and in infections due to streptococci 
and B. coli. 



Days 123 


Fig. 73. — The effect of sulfadiazine in meningococcus meningitis. Chart Bhowing the 
rapid decline m the body temperature of a patient ill with meningococcus meningitis, 
following the administration of sulfadiazine. Within forty-eight hours of the patients 
entry into the hospital and the beginning of therapy the body temperature had decline 
to normal. 


None of the sulfonamides are active against the enterococcus group 
of streptococci or the anerobic streptococcus infections. They are also 
ineffective in rheumatoid arthritis. 

Although clinical data would indicate the effectiveness of the sulfona- 
mides in the treatment of infections due to hemolytic streptococci 
Groups B and C, in the Clostridia, Hemophilus influenzae and in brucel- 
losis and tularemia, the evidence is not convincing. The newer anti- 
biotics show promise of being the drugs of choice in these infections. 

With the increasing use of penicillin, this drug is now used in many 
of the conditions previously treated with the sulfonamides. ^ The 
introduction of the newer preparations of penicillin for oral administra- 
tion renders this drug convenient (although expensive) even in the 
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systemic drags- —sulfadiazine or sulfathiazole— to the insoluble intestinal 
antiseptics. 

Local Use. —Following their introduction, the various sulfonamide 
preparations were often applied locally to wounds, burns, into infected 
cavities, on the peritoneum, etc. This was done as a prophylactic 
measure to avert subsequent, as well as to eradicate existent, infection. 
In the presence of pus or necrotic tissue, as we have seen, the sulfona- 
mides have little or no effectiveness. Moreover, their repeated use for 
minor infections tends to induce sensitivity to the drugs and there is 
always the danger of toxic reactions. For these reasons and because of 
the availability of the effective antibiotics, the local use of the sulfon- 
amides has gradually fallen into disrepute and their use is only rarely 
advocated for this purpose. 

In the local application of the sulfonamides it is necessary to keep in 
mind that these drugs are readily absorbed from denuded areas or 
mucous membranes. When applied in excessive amounts (over 10 to 
15 grains) the usual toxic effects due to overdosage may be induced and 
hence quantities in excess of 10 grams should not be used. In applying 
sulfonamide preparations locally, the usual surgical procedures such as 
debridement should also be utilized. In burns a solution of sulfa- 
diazine has been used. This is sprayed at regular intervals over the 
burned areas for three or four days until a thin eschar is formed. Blood 
levels of the drug should be determined at frequent intervals, as con- 
siderable amounts may be absorbed when the drug is applied in this way 
Prophylaxis.— During the course of the early years of the Second 
World War the sulfonamides were used rather .widely for the prophylaxis 
of threatened systemic infections as well as for local application to 
wounds. The reported results indicated that sulfadiazine administered 
routinely to a large group of individuals controlled outbreaks of scarlet 
fever, streptococcus infections of the throat and meningococcic men- 
ingitis, The administration of 2 grams of sulfadiazine daily for two 
days has been shown to be effective against carriers of the meningococcus 
thereby averting threatened epidemics of meningococcal infection. The 

routine administration of sulfathmole prior and subsequent to exposure 
to gonorrheal infection appeared to reduce markedly the incidence o 
this disease. 

The sulfonamides have also been used prophylactically in the treat- 
ment of children who have suffered an attack of rheumatic fever. Indi- 
viduals who have had one attack are subject to subsequent attacks o 
this disease which is now looked upon as being in the nature of a tissue 
reaction to a streptococcic infection. By preventing upper respirator) 
infections it was hoped that subsequent attacks of rheumatic fever 
might be avoided. The preliminary results with this form of therapy 
appear promising. It should be emphasized, however, that the use o 
the sulfonamides in the acute or active phase of rheumatic fever * s 
dangerous. 

Dosage. — The dosage of the various sulfonamides commonly cm - 
ployed is determined by the blood level of the free drug which it i* 
desired to maintain. This, in turn, will vary to some extent in different 
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five to seven days. In the latter conditions the drug may even be con- 
tinued in smaller doses after this time until the complete recovery of the 
patient is assured. 

Preparations 

U. S. P. ' 

SuLFANiLAMWznj, sulfanilamide, a white crystalline powder, very slightly 
soluble in water. Dose, 2 grams. 

Tabella: Sulfanilamidi, sulfanilamide tablets. Dose, 2 grams. 

Sulfapyridinum, sulfapyridinc, a white or faintly yellowish crystalline 
powder, practically insoluble in water. Dose, 2 grams. 

Ta bella: Sulfapyridini, sulfapyridinc tablets. Dose, 2 grams. 

SuLFAPTRiDiNmt Sodicum Sterile, a sterile aqueous solution of the sodium 
salt of sulfapyridine for intravenous injection. Dose, 2 grams. 

Sulfathiazolum, sulfathiazole, a white or faintly yellowish ciystalline 
powder, practically insoluble in water. Dose, 2 grams. 

Tabella: SULFATIUA20LI, sulfathiazole tablets. Dose, 2 grams. 

Sulfatiiiazolum Sodicum, sulfathiazole sodium, a white to faintly yellowish 
white powder, soluble in water. Dose, 2 grams. 

Sulfathiazolum Sodicum Sterile, a sterile aqueous solution of sodium 
sulfathiazole for intravenous injection. Dose, 2 grams. 

Sulfadiazinum, sulfadiazine, a white or slightly yellow powder, practically 
insoluble in water. Dose, 2 grams. / 

Tabell jc Sulfadiazini, sulfadiazine tablets. Dose, 2 grams. , 

Sulfadiazinum Sodicum, sul/adiazine sodium, a white powder, soluble in 
water. Dose, 2 grams. 

Sulfadiazinum Sodicum Sterile, a sterile aqueous solution of sodium 
sulfadiazine for intravenous injection. Dose, 2 grams. „ 

Sulfaguanidinum, sulfaguanidine, a white crystalline powder, practically 
insoluble in water. Dose, 2 grams. 

Tabella: Sulfaouanidini, sulfaguanidine tablets. Dose, 2 grams. , * 

Succintlsulfathiazolum, succinylsulfathiazole, a white powder, practically 
insoluble in water. Dose, 2 grams. _ 0 

Tabella: Succinylsulfathiazoli, succinylsulfathiazole tablets. Dose, z 
grams. 

B. P. 

Sulphanilamidum. Dose, 0.5 to 1 gram. 

Tabella Sulphanilamidi. Dose, 0.5 to 1 gram. 

Sulphapyridina. Dose, 0.5 to 2 grams. 

Sulphapyridina Solubius. Dose, 0.5 to 2 grams. 

Tabella: Sulphapyridina:. Dose, 0.5 to 2 grams. 

Sulphathiazolual Dose, 0.5 to 2 grams. 

Sulpha thiazolum Solubile. Dose, 0.5 to 2 grams. 

Tab ella: Sulphathiazoli. Dose, 0.5 to 2 grams. 

Sulphadiazina. Dose, 0.5 to 2 grams. 

Sulphadiazina Solubius. Dose, 0.5 to 2 grams. 

Tabella: Sulphadiazina:. Dose, 0.5 to 2 grams. 

Sulphacetamidum. Dose, 0.5 to 2 grams. 

Sulphacetamidum Solubile. Dose, 0.5 to 2 grams. 

Sulphaguantdina. Dose, 0.5 to 2 grams. 

Tabella: Sulphaguanidinal Dose, 0.5 to 2 grams. 
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U. PENICILLIN AND OTHER ANTIBIOTICS 
i. penicillin 

The discovery of penicillin and its introduction into medicine has 
been called rightfully "the greatest contribution of medical science of 
the twentieth century.” Its discovery not only made available what is 
undoubtedly the most potent chemotherapeutic acent Known, but 
opened an entirely new field of therapy— the use of substances derived 
*’ “ organisms which have been dcrig- 

• ■ 1 1 ■ ’letning while examining culture 

plates of staphylococci noted that the organisms surrounding a grow th 
of mould, which had accidentally contaminated the culture plate, had 
undergone lysis. He proceeded to culture the mould and demonstrated 
that the nutrient broth in which it had grown acquired the inhibitory 
bactericidal properties which had been noticed in the original culture 
plate. The mould responsible for the production of this hitherto un- 
known bactericidal substance was subsequently demonstrated to be a 
strain of Penicillium notatum and the term penicillin was therefore uwd by 
Fleming to designate the active bactericidal substance elaWated by 
this fungus. Fleming aha showed that the bactericidal activity of 
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penicillin was specific for certain organisms and that on injection in 
animals, preparations of broth containing penicillin activity were rela- 
tively non-toxic. Since penicillin was ineffective against the jffsemo- 
philns influcnzse of Pfeiffer, it was first used to inhibit contaminants in 
the isolation of this bacillus. However, in view of its non-toxic and 
non-irritant character, Fleming, as early as 3929, suggested the pos- 
sibility of utilizing^ penicillin as an efficient antibacterial agent for 
injection into areas infected by organisms sensitive to it. 

The discovery of Fleming received little attention during the following 
decade. However, during this period the remarkable success attained 
with the sulfonamide derivatives as chemotherapeutic agents and the 
recognition of their deficiencies stimulated interest in penicillin. Chain, 
Florey, and their associates at Oxford undertook the purification of 
extracts containing penicillin and demonstrated their remarkable anti- 
bacterial properties against a number of organisms including the aner- 
obes. They demonstrated its effectiveness in the experimental animal 
as well as in a few human patients. The acute need for an effective, 
non-toxic, antibacterial substance during the war then in progress 
prompted the inauguration of a program by the United States Govern- 
mental authorities which soon led to the production on a large scale of 
ample supplies of penicillin. 

Chemistry.— The first preparations of penicillin used were relatively 
crude concentrates of the filtrate from the broth on which the mould had 
grown. The active principle may be extracted by organic solvents 
(ether, amyl acetate, etc.) from its aqueous solution after acidification. 
Further purification is carried out by retransferring the active principle 
to water, adsorbing it on charcoal and eluting. Penicillin is also avail- 
able in crystalline form. It has the empirical formula Ci«H«NO« and 
is an acid which forms crystalline sodium, calcium and other salts. ^ 

Several isomeric forms of penicillin have been identified and desig- 
nated as penicillin F, G, K and X or as I, II, IV and III, respectively. 
Commercial preparations prepared from deep vat cultures consist for 
the most part of penicillin G, but those prepared from shallow cultures 
may contain appreciable amounts of penicillin X. Both forms are thera- 
peutically effective, but their effectiveness against different organisms 
differs. Thus penicillin X appears to be more effective in the treatment 
of gonorrhea than is penicillin G, whereas the latter is more effective 
than the former in the treatment of syphilis. Penicillin K is largely 
inactivated in the body. Hence the blood levels attained following its 
administration are low and its therapeutic action is feeble. 

The isomeric penicillins in dilute mineral acid are converted to the 
corresponding penillic acids which are dibasic acids with the structure 
shown in the accompanying formula. The structure of penicillin itself 
is represented by the accompanying formula. In this formula, R rep- 
resents an aliphatic or aromatic radical which is characteristic for each 
of the known varieties of penicillin. The side chain, ItCII*. in the formula 
for penicillin is a A : -pentenyl (CHj*CH**CH— CH*CH t— ) group m 
penicillin F; a benzyl (CJVCH?— ) group in penicillin G; a n-heptyj 
(CjHis — ) group in penicillin K; and a para-hydroxybenzvl (HO C Jn' 
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CH?— ) group in penicillin X It is apparently the — C— N< grouping 

s 

0 

in the penicillin molecule which is essential for its biological activity. 
COOH 

<iH S 
/\H/\ 

N C C(CH,), 

fl -I 1 

It C N CHCOOH 

PetuU c acids 

Although the synthesis of penicillin has been reported, the naturally 
occurring compounds prepared from moulds remains the source of the 
penicillin of commerce. 


yS— C{CHl)j 

RCHjCONHCH^^N— inCOOH 
Penicillin 

As used therapeutically penicillin is an amorphous, brownish-yellow 
solid which readily dissolves in water, saline or glucose solution. The 
sodium salt of penicillin is hygroscopic and deliquesces in contact with 
the air. Because of this property, the calcium salt is sometimes preferred. 

Esters of penicillin have been prepared. These are ineffective and 
toxic when administered parent erallv but are more effective than the 
salts of penicillin when administered orally. 

Standardization.— The potency of penicillin is at present expressed in 
terms of international units arrived at by a collaborative assay of a 
single lot of penicillin by a number of laboratories The international 
unit is essentially equal tc> the Oxford unit which was the amount of 
penicillin activity which formed a zone of inhibition 24 mm. in diameter 
around a cylinder in an agar plate inoculated with Staphylococcus 
avreu* One milligram of the mstallinc sodium salt of penicillin con- 
tains 3,057 international units. Thus 20,000 units, the average dose, 
corresponds to approximately 12 mg. of pure penicillin. 

Mode of Action.— The mechanism of action of penicillin is not known. 
This drug apparently may act cither as a bacteriostatic or as it bacteri- 
cidal agent depending on the experimental conditions. The anti- 
bacterial action is related to the concentration of the drug ami is not 
affected by the presence of pus or products of tissue degeneration. 
Penicillin differs from the sulfonamide derivatives in its mode of action. 
Hence organisms resistant to the action of penicillin tnaj be su c ccptible 
to the sulfonamides and r ice tersa. 

Bacteria may become resistant to penicillin if subjected to sublet!) al 
concentrations’ of the drug. This acquisition of drug fastness is of 
practical importance since the use of inadequate do K es may lead to the 
development of refractoriness in an infection initially reactive to the 
drug. To avoid this hazard of the development of fastne^ to jicnirillin. 


74G 


SUBSTANCES ACTING AFTER ABSORPTION 


it is essential that effective doses be intensively applied at the very 
beginning of a course of treatment. 

In general, the antibacterial activity of penicillin, like that of other 
chemotherapeutic agents, is highly selective. It is chiefly effective 
against' aerobic or anaerobic, gram-positive organisms, although not all 
gram-positive organisms are susceptible to its action. However, the 
same organism may manifest a great difference in the susceptibility of 
various strains. Thus despite the general susceptibility of staphylococci, 
some strains are highly resistant to penicillin, and this variability is 
particularly striking among the Streptococci viridans. This variation 
in the sensitivity of strains is of great practical importance in determin- 
ing the dosage to be administered in a given case. 

Most gram-negative organisms are resistant to penicillin. Thus it is 
ineffective against the colon-typhoid group which includes E. colt, 
B. typhosus, and the Salmonella. It is also ineffective against many 
other common organisms listed in the accompanying table. The re- 
sistance of certain bacteria to penicillin is probably due to their capacity 
to elaborate inhibitors which are capable of inactivating the drug. 
Thus suspensions of E. colt contain an intracellular enzyme, “penicil- 
linase,” which inhibits penicillin. 

In addition to its action in bacterial diseases, penicillin is also effective 
in diseases due to certain spirochetal agents, moulds (actinomycosis), 
and virus disorders (ornithosis). Its effectiveness in syphilis appears 
now to be well established. 


Antibacterial Activity of Penicillin 


Susceptible Species 
Pneumococcus 
Streptococcus 
Staphylococcus 
Meningococcus 
Gonococcus 
Treponema pallidum 
Diphtheria 
Anthrax 
Tetanus 
Actinomyces 
Cl. welchii 
B. subtilis 
V. septique 


Insusceptible Species 

H. influenzae 

E. eoli 

B, typhosus 

Salmonella 

Proteus 

Pyocyaneus 

Friedlander’s bacillus 

Monilia 

Tuberculosis 

Shigella 

Blastomyces 

Streptococcus fecalis 

B. Prodigiosus 


Absorption and Excretion.— Injection of penicillin intravenously results 
in an initially high concentration of the drug in the blood with an abrupt 
fall with only traces remaining after one-half to three hours depending 
on the dose injected. # . 

After an intramuscular injection of 40,000 units the blood level rises 
to a maid mum within ten minutes and is maintained for almost two 
hours after which it gradually decreases. Absorption following ’ sub- 
cutaneous injection is slow. When administered by rectum, pemcdlin 
is for the most part destroyed by the intestinal bacteria. Penicillin is 
rapidly absorbed following its instillation into the duodenum. It JS 
only slowly absorbed following injection into body cavities. It also 
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eradicated the infection in this previously almost universally fatal 
disease. It is necessary in treating this condition to determine in vitro 
the susceptibility of the infecting organism to the drug for in many 
cases massive doses (100,000 units or more every three hours) may be 
necessary to overcome the infection. Similarly, large doses are also 
advocated in peritonitis. 
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Fia. 74. — The effect of penicillin in pneumococcal pneumonia Chart showing the 
rapid decline in the body temperature and pulse rate of a patient suffering from lobsr 
pneumonia following the administration of 20,000 units of penicillin intramuscularly at 
four hour intervals. Within thirty-six hours of the patient’s entry into the hospital and 
the beginning of therapy the fever and tachycardia had disappeared. 


The pneumococcus is one of the most susceptible of the pathogenic 
organisms to penicillin (cf. Fig. 74) which inhibits the growth of the 
bacillus in vitro with as little as 0.01 to 0.02 units per cubic centimeter. 
The striking achievements of chemotherapy in the treatment of the pneu- 
monias is shown by the reduction in the mortality rate of lobar pneu- 
monia from 28 per cent during World War I to approximately 0.7 per 
cent during World War II. The response in pneumococcic pneumonia 
treated with sulfadiazine and with penicillin are almost identical except 
for a more abrupt fall in temperature and fewer instances of extension 
to another lobe during therapy with penicillin (Kinsman, et ah). The 
injection of 10,000 units four times daily for three days sufficed to 
produce clinical cures but smaller doses are accompanied by relapses and 
failures to respond to treatment. Primary atypical pneumonia is 
unaltered by treatment with penicillin. 

In gonorrhea and its complications, penicillin is the drug of choice. 
Only in rare cases are resistant organisms encountered as is the case 
when the sulfonamide drugs are used. In most cases complete eradica- 
tion of the disease may be effected in the course of twenty-four to forty- 
eight hours. By the use of slowly absorbed preparations of penicillin 
in beeswax, a single injection may in many cases suffice. Since penicillin 
is rapidly excreted by the kidney it is also effective in infections of this 
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organ by susceptible organisms, e. g. in carbuncle of the kidney. On the 
other hand, the common infections of the urinary tract by gram-negative 
bacteria do not respond to penicillin therapy. In mixed infections of 
the bladder and urinary tract, penicillin appears in the urine in a con- 
centration which suffices to eradicate the gram-positive and other sus- 
ceptible organisms. 

Penicillin is also of value in gas gangrene and malignant edema due 
to clostridia infections. However, the usual surgical procedures and 
antitoxin must also be employed in conjunction with chemotherapy. 
Favorable results are also obtained following the use of penicillin in the 
treatment of anthrax. 

One of the most notable advances in the treatment of syphilis has 
been the demonstration of the effectiveness of penicillin in this disease. 
It is of interest that the Treponema pallidum, the spirochete of syphilis, 
is relatively resistant to penicillin when tested in vitro. According to 
the data available at present it would appear that penicillin is the most 
effective and satisfactory method of treating pre-natal syphilis. In 
early syphilis (first and second stages) the administration of penicillin 
in doses of 40,000 units every' three hours for seven and one-half days 
(giving a total of 2.4 million units) is the treatment of choice. The 
percentage of apparent cures following this form of therapy may’ be 
further increased by the simultaneous injection of bismuth salicylate 
every other day for ten days with the additional administration of 
40 mg. of mapharsen daily for eight consecutive days. In neurosyphilis, 
the use of penicillin with half the usual course of fever therapy is advo- 
cated. In cardiovascular syphilis, the use of penicillin is contraindicated, 
for in this condition a Hcrxheimer reaction (with fatal outcome) may 
ensue. 

Among the other spirochetes which arc susceptible to penicillin are 
Vincent’s organism and Spiriilium minus (or Strcptobaeillus monili- 
formis), the cause of rat bite fever. The clinical value of penicillin in 
relapsing fever, Weils’ disease (leptospirosis ictcrolicniorrhagica), and 
other spirochetal disorders is still under investigation. 

Because of the susceptibility of Corynebacterium diphtherwe to 
penicillin in vitro, this drug has been used in the treatment of diphtheria 
in combination with antitoxin. Its value in this di«cnsc is questionable 
since animals infected with the organism arc not protected against the 
disease. 

Among ti e virus and rickettsial infections which preliminary studies 
in animals indicate may he susceptible to penicillin are ornithosis and 
psittacosis which are caused by a virus and murine typhus caused by a 
rickettsial agent. Tim clinical value of the drug in similar diseases jn 
man has not been established. 

Dosage and Mode of Administration.— Penicillin may be ndmini«fcrcd 
by a variety of routes depending upon the nature of the condition which 
is being treated. For intravenous and intramuscular administration the 
sodium or calcium salts of penicillin arc u«<d. Thr«e nrr available in 
the form of n golden-yellow, amorphous solid which may lie dissolved 
in sterile water, isotonic saline or 5 per cent glucose for injection. In 
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order to delay its absorption and thus avoid the necessity of repeated 
injections penicillin is also available in the form of a suspension of the 
calcium salt in a menstruum of white wax dispersed in peanut oil. This 
is injected intramuscularly. Penicillin is also available commercially 
in the form of a crystalline sodium salt containing 05 per cent of penicillin 
G. This preparation has the advantage over the amorphous prepara- 
tions in that it is stable at room temperature, and may be administered 
subcutaneously with virtually no local reaction. 

The dosage of penicillin and its optimal mode of administration will 
vary with the severity and nature of the condition under treatment. 
For serious illnesses, intravenous or intramuscular injection is indicated. 
If injected directly through a syringe, penicillin is administered in a 
concentration of 30,000 to 50,000 units per cc. For constant intravenous 
therapy a more dilute solution containing 25 to 50 units per cc. of saline 
or 5 per cent glucose is used. For intramuscular injection the more con- 
centrated solution containing 10,000 to 50,000 units per cc. is usedso 
as to lessen the total volume of fluid injected. This is the route of choice 
since intravenous injection may lead to thrombosis of the veins and 
subcutaneous injections arc painful. 

In serious infections an initial dose of 15,000 or 20,000 units is fol- 
lowed by a constant intravenous injection at the rate of 5,000 to 10,000 
units per hour or 20,000 to 40,000 units injected intramuscularly every 
two to four hours. In general, effective blood levels vary from 0.02 to 
0.1(5 units per cc. However, in certain serious infections as much as 
100,000 units may have to be injected every two to three hours. 

In the treatment of gonorrhea, 25,000 units are injected intramuscu- 
larly every three hours for five doses with repetition of the course of 
therapy where necessary. This necessitates continuous treatment (day 
and night). However, it is probable that with the newer slowly ab- 
sorbed preparations (for example the peanut oil— beeswax suspensions), 
a single injection may suffice for adequate treatment. 

Penicillin may also be injected directly into body cavities, for example 
into the pleural cavity or into a joint or abscess cavity. These cavities 
should be aspirated prior to the injection of the penicillin. The injec- 
tion of 120,000 units into a pleural cavity after the aspiration of an 
effusion will ensure a bacteriostatic concentration of the drug m the 
blood stream for twenty-four hours. 

Since penicillin does not penetrate the subarachnoid space in appreci- 
able amounts, it is injected intracisternally or into the subarachnoid 
space in the treatment of meningitis. 

In bacteria] endocarditis penicillin is administered for three weeks or 
more by the intramuscular injection of 200,000 to 300,000 units daily m 
divided doses at two to four hour intervals. _ ... 

Penicillin in oil and wax is injected intramuscularly as a single injection 
or at eight to twelve hour intervals in doses of 100,000 to 300,000 units. 

For oral therapy buffered penicillin is administered in doses of 20,000 
to 50,000 units every two or three hours. This should be administered 
on a fasting stomach not less than thirty minutes before or not less than 
one and one-half hours after meals. 
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For topical application ointments containing 250 units per gram arc 
used for application to the eye, or to superficial infections of the skin. 

Troches containing 500 units of penicillin may be allowed to dissolve 
in the mouth two or three times a day for the* treatment of Vincent's 
infection. 

Oral Penicillin. —Although the earlier studies indicated that most of 
the penicillin administered orally was destroyed by the acidity of the 
normal stomach, it was subsequently shown that doses of 90,000 units 
given by mouth, one-half hour before breakfast gave serum levels compar- 
able to those obtained from 15,000 to 20,000 units given intramuscularly. 
In achlorhydric individuals, higher serum levels were sustained even 
when penicillin was taken orally before a meal. The fact that penicillin 
was also effective when introduced into the duodenum nbo suggested 
that it was the gastric acidity which caused its destruction following oral 
administration. 

In order to overcome the destructive effects of gastric acidity on 
penicillin and thus permit its administration orally, several procedure** 
have been devised. The drug may be buffered or buffer salts such ns 
aluminum hydroxide, aluminum dihydroxyaminoacctatc, sodium citrate, 
calcium or magnesium oxide, etc., may be administered with it. It may 
also be administered in hardened gelatin capsules which are impervious 
to the gastric contents. A suspension of the drug in oil has a bo been 
found suitable for oral administration as have also certain esters of 
penicillin. 

In conditions in which small doses of parenteral penicillin arc effective, 
oral administration is feasible. However, in severe infections requiring 
treatment in large doses, parenteral administration should be used to 
initiate therapy. 

For topical application penicillin is marketed in several form': (1) 
as an ointment for local application, (2) ns a fine powder for installation 
into a cavity, (3) in the form of troches for u**c in infections of the mouth 
and throat nnd (4) ns dental cones for insertion into the socket following 
extraction of a tooth. 


D. STREPTOMYCIN 


Next to penicillin, the most important of the antibiotics which has 
thus far been investigated is streptomycin, dbcovrrrd bv Wnhsman in 
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Chemistry.— Streptomycin is easily converted to two degradation prod- 
ucts, streptamine and streptidinc, the structures of which are probably 
.represented by the accompanying formula in which X=II in streptamine 

and X — — C in streptidine (Carter ct al.). The chemical structure 

X NH, 

of streptomycin itself is as yet unknown. Its empirical formula is 
CjjHjjNjOii and it contains three basic functional groups— streptidine, 
N-methyl glucosamine, and a six-carbon, nitrogen free hexose. The 
disaccharide formed by the union of the last two mentioned compounds 
has been designated as streptobiosamine. 

Absorption and Excretion,— Streptomycin like penicillin is rapidly 
absorbed following its parenteral administration and excreted in the 
urine. It is also concentrated in the bile. Wien administered orally, 
little of the drug is absorbed. Since it is neither absorbed nor destroyed 
in the gastro-intestinal tract, the oral administration of the drug is 
limited to conditions in which a reduction in the number of susceptible 
bacteria present in the bowel is desirable. 

Assay.— An S unit of streptomycin has been defined ns the amount of 
material which will inhibit the growth of a standard strain of E. coli in 
1 cc. of medium. An L unit equals 1,000 S units. One gram of strepto- 
mycin base is equivalent to 1,000,000 S units and a micrograrn of the 
base equals 1 unit. Following repeated injections of 100,000 units, 
blood levels of 12 to 25 units per cc. are attainable. 

Toxicity.— Parenteral administration of streptomycin to susceptible 
laboratory animals often produces fatty changes in the kidneys ana 
liver. Such toxic effects have not been demonstrated in the human. 
However, undesirable reactions are not uncommon. These consist of 
flushing of the face, headache and a fall in blood pressure, resembling 
the effects of histamine intoxication. These toxic effects are presumably 
due to impurities present in the available preparations. Following long- 
continued administration of the drug, damage to the vestibular portion 
of the eightli cranial nerve has been reported. This reaction is usual*) 
compensated for after several weeks. 

Therapeutic Use.— Because of the greater difficulty attending its 
manufacture commercially', streptomycin has been available only in 
limited quantities. However, it gives promise of being effective agains 
many organisms which are resistant to the action of both penicillin an 
the sulfonamides. . 

Streptomycin like penicillin, is of very low toxicity and may also D e 
administered parenterally. It is effective against both gram-positive 
and gram-negative bacteria and gives promise of being of value in the 
treatment of such infections as typhoid fever, the bacillary dysenteries, 
E. coli infections, etc. Streptomycin is also effective against the tubercle 
bacillus in vitro and protects guinea-pigs against infection with this 
organism. However, its value in the human has not as yet been demon- 
strated although it may perhaps ultimately find a place in the treat- 
ment of this disease. The drug in preliminary studies also appears to be 
effective in the treatment of tularemia, influenzal meningitis, brucel- 
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losis, and infections due to Aerobacter aerogenes, Pseudomonas aeru- 
ginosa, Salmonella, etc. 

Streptomycin is administered by the intermittent intramuscular, sub- 
cutaneous, intravenous, or intrathecal routes. It may also be admin- 
istered by nebulization in infections involving the respiratory tract. 
The total daily dose which has been used varies from 1 to 2 million S 
units (Herrell and Nichols). This is administered in single intramuscular 
injections of 1 or 2 cc. containing 125,000 units per cc. 

Many strains of bacteria rapidly develop a resistance to streptomycin. 
When used therapeutically, therefore, adequate dosages must be used 
over a sufficiently long period of time to avoid the development of drug- 
resistant strains. 

Streptothricin is derived from Actinomyces laxendulx and like strepto- 
mycin is effective against both gram-negative and gram-positive bac- 
teria. Despite a relatively low acute toxicity, it shows cumulative toxic 
effects and hence gives less promise of value compared to streptomycin 

Other antidiotics derived from Actinomycetes are Actinomycin A 
prepared from Actinomyces antihioticus, and Proactinomycin, prepared 
from Proadinomyces gardneri, but both of these are very toxic. 

HI. TYROTHRICIN AND OTHER BACTERIAL ANTIBIOTICS 

An: ' which is a 

mixti by Dubos 

from idine have 

been isolated in crystalline form. Both are fairly active against certain 
gram-positive cocci but when injected in relatively small doses they 
induce hemolysis and death. Because of their high toxicity the clinical 
use of these antibiotics has been limited to tyrothricin. 

More recently Gramicidin S has also been obtained from Bacillus 
brevis and offers promise of usefulness for the local therapy of gram- 
positive and gram-negative infections. ^ 

Other antibiotics derived from bacteria are pyocyanase and pyocyania 
(from Pseudomonas aeruginosa), which have been known for many 
years but which are inactive in vivo, and subtilin and bacitracin (from 
B. snbtilis) which arc effective against gram-positive bacteria. 

Of the above-mentioned compounds, only tyrothricin has been used 
in medicnf practice. It is available in the form of a concentrate in an 
isotonic solution containing 0.5 mg. of tyrothricin per cc. It is applied 
locally by instillation, irrigation or wet dressing. It may be instilled 
into body cavities such as the para-nasal sinuses, urinary bladder or 
pleural cavity but may not be used for parenteral injection l>cenu«c of 
its toxicity. 

IV. OTHER ANTIBIOTICS DERIVED FROM BACTERIA AND MOULDS 

The success of penicillin has led to an investigation of other anti- 
biotics. The various fungi, bacteria, and other microscopic form < of life 
nre potential sources of antibiotics. In their struggle for existence, 
these organism* have developed constituents which protect them against 
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other microbial agents. The soil particularly is rich in such organisms 
and has been most widely investigated. In addition to penicillin and 
streptomycin, a number of such agents have been described and in some 
cases isolated. Their sphere of usefulness has, however, not been as 
wide as that of the substances already described and hence they need 
only be considered briefly. 

Clavacin has been isolated from Aspergillus clavalus (Waksman, 
Horning and Semner). This antibiotic is bactericidal in high dilutions 
against gram-negative microorganisms, and bacteriostatic for certain 
common fungi. It is highly toxic on intravenous or intramuscular 
injection. Although it has not undergone clinical trial as yet, clavacin 
promises to have usefulness against such local or superficial fungus 
diseases as Monilia albicans (thrush), Oidium asteroides (Blastomyces 
dermatitis), and Trichophyton gypseum (epidermophytosis). 

Patulin, derived from Penicillium patulum is identical to clavacin. 
It has been shown to be a relatively simple compound with the structure 
shown in the accompanying formula. 
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Patulin 

Aspergillic acid is derived from Aspergillus flavus. It is active 
gram-positive bacteria and against the tubercle bacillus in vitro. The . 
toxicity of the available preparations is apparently due to impurities 
and not to the pure compound itself. This has prevented their use in 
therapeutics except for local application. 
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Citrinin 


The chemical structure of aspergillic acid is shown in the accompany- 
ing formula. .. j 

A number of other antibiotics derived from moulds havebeen deserme 
in recent years but have not attained any therapeutic importance. 
Among these may be mentioned penatin, notatin and penicillin B [win® 
apparently are different names for the same chemical substance, citrinin. 
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citricin, gliotoxju, fumig&tin, cbfetomin and others. Of these, the 
structure of citrinin has been determined. As noted in the accompanying 
formula, it is a relatively simple compound as are indeed others of this 
Kroup of drugs. This gives hope to the view that further study will 
lesult in the synthesis of new compounds of therapeutic significance. 
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Aspergillic eeid 


^Antibacterial substances have also been derived from other than 
microbial sources. Among these may be mentioned lysozome, dis- 
covered by Fleming in 2922 in nasal secretions, and which is, therefore, 
of historical interest inasmuch as it was the first antibacterial agent to 
attract the attention of the discoverer of penicillin. Chlorellin, obtained 
from an alga; (Chlorella vulgaris), canavalin, from soy beans, ailicin 
from garlic, and other substances having a limited antibacterial action 
have also been described, but none of these has attained a r61e of any 
importance in therapeutics. 

Although only a few of the many antibiotics thus far discovered have 
proven of practical therapeutic value, the widespread distribution of 
these substances in nature has opened a wide field for investigation. 
Further work may uncover agents which will complement the action of 
penicillin and aid in the eradication of infections not remediable by the 
antibiotics available at present. 
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PART IV 

Anthelmintics 


Anthelmintics are drugs which are used to kill or remove intestinal 
worms. They are often divided into vermicides and vermifuges, accord- 
ing as they kill or merely cause the expulsion of the worm, but this is 
determined largely by the quantity which comes in contact with the 
parasite and the rapidity with which the bowel is evacuated. 

In order to possess any value as an anthelmintic, a drug must, of 
course, act more strongly on the parasite than on the host, and this 
more intense effect may be attained either by a specific action on the 
parasite, or by the drug failing to be absorbed from the alimentary 
canal. As a matter of fact, the anthelmintics, with few exceptions, have 
not been shown to possess any such specific action, but seem to injure 
most forms of living matter; this has been demonstrated more particu- 
larly for muscle tissue. Their use is thus rendered possible only by their 
slow absorption which permits of their acting on the parasite in greater 
concentration than on any of the tissues of the host. 


Common Helminthic Diseases and Drcgs Used jw Their Treatment 


Dutaie 

Trichuriasis 

(trichocepbaliasu) 


Enterobiasis 

(oxyuriasis) 


Common designation 
Whipworm or tbrcad- 


Pinwonn or aealworm 


Helminth 

Trichuru tncbiura 


Entcrobius ver- 
mieulans 


Drugs used in therapy 
Lache da hifueron/ 
(Son) 

Santonin * 
Hexylrasoreinol , 
Tetrachloretbylena J 
Oil of chenopodium J 

Gentian nolet 
Ilexylresorcinol 
rbenothiaxine 


Ascariaaia 


Large roundworm 


Ascaru lumbri- ITexj [resorcinol 


Uncinariasis 

(ancylostomiasis) 

Necatoriasis 


Old world bookworm 
New world hookworm 


Ancyloetoma duo- Tetrachloroetbylene 
Neeator americar.u* TetneblOToathylene 


Strongyloidiasis 


Strong} loidoeu 


Strongyloides Gentian nolet 

stercoral is 


Dipbyllobothrlasis 

Tamiasis solium 
Tarniaaia sapnata 

Hymenolepiaais nana 


Broad or fish tapeworm 


Dwarf tapeworm 


Dijihyllobothritim 


Tenia solium 

Tenia saginata^ 


Hymenolepia nana 


Oleorrsin of aspidium 
(male fern) 

Oleoreem of aspidium 
Oleoream of aspidium 

flexylresorcinol 


Before the administration of most of the anthelmintics, the bowel 
ought to be emptied of its contents as far as possible by a light, easily 
digested diet and n laxative; and n brisk purge ought to follow some hours 
later, in order to remove the dead or stupefied v\orms. The anthel- 
mintic is often prescribed along with a purge. 

A number of parasitic worms infest the human giving rise to varied 
and often severe disorders. These helminthic diseases are of particular 
importance in tropical medicine. In the accompanying table are listed 

(757 ) 
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the commoner parasitic worms encountered and the chief drugs used in 
their treatment. The table includes the Nematodes, round or thread- 
worms, and the Ccstodes or tapeworms. A third important group of 
helminthic diseases are caused by the Trematodes, which include the 
Schistosomiases and other flukes. The latter are considered elsewhere 
.(p. 163). 

The earliest anthelmintics used were derived from plant products— 
santonin, chenopodiura, aspidium, pelletierine, etc. These have been 
largely replaced by less toxic and more effective chemicals such as 
tetrachlorethylene, hexylresorcinol, gentian violet, etc., which have 
replaced the toxic chemicals such as t hymol , or n nphth o], forme rly used 

X. MALE FERN (ASPIDIUM FILIX-MAS) 

A number of ferns contain bodies which present considerable re- 
semblance to each other from a chemical as well as from a pharmaco- 
logical point of view, and which may therefore be classed together, at 
any rate until further information is available regarding them. The 
best known of these is the male fern (Aspidium filix-mas), obtained by 
extracting the green rhizomes and stipes of Dryopteris filix-mas. 

The active constituents of this remedy are Filicic Acid and other related 
neutral and acid bodies: Aspidinin, Flavaspidic Acid, Albaspidinin, As/nawot, 
Filmaron , and Flavasvidinin. These bodies are all derivatives of phloroglucin 
and butyric acid, and it is still uncertain whether the effects of male fern are 
to be attributed to any one of them or whether all of them may not share m i the 
action. Jacquet holds that the chief therapeutic factor is the filmaron, hut mat 
the others also have some effect. 

Nearly related bodies have been found in Aspidium athamanticum (Uncomo- 
como), which contains two forms of Pannic Acid, and in Aspidium sjwnulosum, 
while smaller quantities of acids occur in a large number of ferns. Several oi 
these ferns enjoy a reputation as anthelmintics for tapeworm, and their virtues 
are generally considered due to these bodies. 

Cusso (Kousso, Brayera) the pistillate flowers of Brayera anthelmintica 
and Kamala derived from Mallotus Philippinensis contain kosotoxin and 
rottlerin, respectively, which are also phloroglucinbutyric aciu com- 
pounds and exert an anthelmintic activity similar to that of male fern. 

Action.— The extract or oleoresin of male fern, which is the only 
one' of these plants used in regular medicine, as a general rule passes 
through the bowel without causing any symptoms whatever. The 
quantity of active substance dissolved, while sufficient to destroy the 
parasite, is too small* to produce any effects on the host, and escapes 
with the other contents of the bowel, or if absorbed does not- cause 
any symptoms. In rare cases, however, where large quantities are 
administered, or where some unknown conditions favor the absorption 
and retention of an unusually large amount of the active constituents 
grave and even fatal symptoms may supervene. These consist m 
vomiting and purging, with acute pain in the abdomen, muscular 
weakness, confusion and somnolence, with occasional twitching of the 
muscles, or slight convulsive movements, collapse, coma, and death. 
The stomach and intestine are found congested and swollen, and some- 
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times covered with small ecchymoses. In some cases icterus has been 
observed to follow the administration of male fern, probably from the 
duodenal catarrh, but possibly from destruction of the red blood cells, 
the number of which has been found to be diminished in some instances 
(Georgicwsky). In other cases permanent or temporary blindness has 
resulted from neuritis and subsequent atrophy of the optic nerve. 

Therapeutic Uses.— Male fern is used exclusively in the treatment of * 
the several varieties of intestinal tapeworm infections. Previous to its 
administration the bowel ought to be emptied, as far as possible, by a 
moderately light diet for one or two days and, by a saline purgative on 
the night preceding treatment. The oleoresin, or liquid extract, is then 
to be administered in three doses at half-hour intervals, each dose con- 
sisting of a capsule containing 20 minims of the drug, and a second 
saline purgative is given about two hours later. The dose for children 
is 1 minim for each year of age up to twelve years. In case the parasite 
fails to be dislodged, several days ought to be allowed to elapse before 
a second dose is given. Alcohol, fats, and oily substances should be 
avoided during the “cure,” as they dissolve the active bodies, and thus 
promote their absorption. Marked anemia, general debility and chronic 
alcoholism seem to predispose to male-fern poisoning, and the drug is 
accordingly^ to be used with care in these conditions. Complete bed 
rest before, during, and after treatment is desirable. 

H. PELLETIERINE 

The bark of the pomegranate (Punica granatum) contains a very 
large amount of tannic acid (20 to 25 per cent), along with several 
alkaloids, of which Pelletierine or Punicine, and Isopvnicinc alone are 
active in ordinary doses. All the pomegranate alkaloids are closely 
related chemically to each other and to tropine (see Atropine). None of 
them can be classed among the more active poisons as far as man and 
tbe higher animals are concerned. Pomegranate has been used as an 
anthelmintic, but the crude bark has now been displaced almost entirely 
by pelletierine tannate which consists of a mixture of the several alka- 
foids. 

In man, large doses cause heaviness, confusion, giddiness, and very 
marked weakness of the limbs. The consciousness is but little affected 
but the sight is often dim an d_uncertain, and in one case complete 
blindness persisted for several days. Occasionally nausea and dis- 
comfort in the abdomen are complained of, and more rarely vomiting, 
tremors , and cramps of the leg muscles are produced; the gastric symp- 
toms are perhaps due to the large quantity of tannic acid in the drug 
rather than to the alkaloids. 

Pelletierine and jsopunicine have a specific action on tapeworms, a 
solution of one part in 10,000 being sufficient to kill them in ten minutes, 
while a stronger solution had practically no effect upon other intestinal 
worms (Schroeder). Pelletierine tannate is used in doses of 0.25 gram. 

The preliminary treatment is the same as that given under male fern, 
and a purge ought to be given one to two hours after the vermicide. 



760 


ANTHELMINTICS 


HI. THYMOL 


Thymol (CuHhO) is a crystalline substance obtained from the volatile 
oil of thyme and other plants, and chemically is a homologuc of phenol. 
It is very insoluble in water and when taken in solid form appears to be 
absorbed from the alimentary tract with difficulty. 


CH, 



In man, thymol has caused depression, nnusea, vomiting, headache 
and confusion with roaring sounds in the ears and alarming weakness 
of the heart resulting in giddiness and collapse. In a few cases death 
has occurred. Its irritant action on the mucous membrane may cause 
burning sensations in the stomach and vomiting. 

In - * ! ' '* * • of weakness and apathy which 

passe • . • ■ . • -hout any convulsions, ratty 

deger ■ 1 ■ ■ ■•■■■. consolidation of the lungs, ana 

irnta ‘ • . Ono-half or more of the thymol 

j. i • i i. . j ***** , *’■•*< , • i ^he urine in combina* 

• • . • •• • ; -nosed renal irritation 

. . ■ t ■ ’ even of blood in the 

urine. . 

Therapeutic Uses.— Thymol was formerly used widely as an anthel- 
mintic in hookworm disease (ancylostomiasis or uncinariasis) but has 
been replaced by tetrachlorethylene. It is given in capsules or cachets 
in doses of I to 2 grams (15 to 30 gr.) repeated in two hours and followed 
in six or eight hours by a brisk saline purge. The bowel should be 
emptied as far as possible by light diet and an aperient before the treat- 
ment is begun. Thymol in 1/10 per cent solution is also used as an anti- 
septic (see p. 785). 

IV. CHENOPODIUM 

The oil of chenopodium, the so-called “Oil of American Wormseed 
is a volatile oil obtained by distillation from Chenopodium ambrosioi es 
anthelminticum, a weed which is found more or less extensively over t le 
entire United States but which is especially abundant in the sou 
eastern section. . , . 

The active constituent of the oil is Asearidol (CjoHuO*) which i 
present in amounts varying from 45 to 70 per cent. It is obtained from 
the oil by fractional distillation in a partial vacuum. The remainder 
of the oil is mainly a mixture of terpenes which apparently are devoi 
of anthelmintic properties. Asearidol has been shown to be about 
per cent more toxic than the whole oil. The drug is very active as an 
anthelmintic against the ascaris and whipworm (Trichuris) infections* 
but it is, in common with some other anthelmintics, less efficient agains 
oxyuris and other nematodes. 
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The drug is toxic and disagreeable symptoms not infrequently follow 
its administration and a number of deaths have been reported. In many 
of the cases which terminated fatally there is evidence that there was 
overdosage. The symptoms most commonly encountered in the use of 
the drug are nausea and vomiting with pain in the abdomen and some 
drowsiness, followed at times by ataxia, convulsions and coma. By far 
the most common of the more serious signs of intoxication from the drug 
is due to a disturbance of the ear. This may be merely a tinnitus such as 
is often seen following the use of quinine but it may go on to more or less 
complete deafness. The deafness is usually temporary, passing off in a 
few days or weeks but in some cases it 1ms persisted for years. (It is 
advised that the drug be used with caution in cases of hook-worm infec- 
tion with long-standing anemia and with signs of cardio-renal disease as 
in such patients severe untoward reactions are most likely to occur.) 

In dogs and cats the oil of chenopodium produces signs of depression of the 
central nervous system followed by clonic convulsions. In rabbits excitement 


In .cats it is slowly absorbed from the stomach but if given in an emulsified 

n '-*• jsly the 

■ ■ by the 


Therapeutic Uses.— Oil of chenopodium has been largely replaced in 
therapeutics by hexylrcsorcinol and tetrachlorctliylenc. The adult dose 
is 2 cc. This dose is divided into two parts and given in hard gelatin 
capsules two hours apart and the final dose is followed in two hours by a 
purgative dose of castor oil. Food should not be taken before the anthel- 
mintic is administered ns it seems to markedly lessen the efficiency of the 
treatment. 

*7 , i «» j — i — : t.y dropping it on sugar, 

1 . ■ ■ ■ dose to be repeated 

in ’ ’ ' oil 

Smillic and Pessoa recommend that A'cnridol itself be substituted 
for the whole oil as it is a pure substance of definite chemical composi- 
tion while the oil is a mixture. The main objection to Asearidol is the 
high cost. It shoiibl be given to adults in a single dose of 1 cc. upon an 
empty stomach and followed in one-half hour by a purge of magnesium 
sulfate. 

Against nscaris infections the oil may be given in 5 to 10 drop doses 
three times daily for two days and followed by a brisk purge. 

V. SANTONIN 

Santonin (Ci JIiiO,) is an anhydride or lactone of santoninic acid, a 
derivative of naphthalene. It occurs in Arteini-ia pauciflora along with 
a nearly related body (arttmidn) and a volatile oil (cineol). Santonin 
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is very insoluble in water, but is dissolved by alkalies, with which it 
forms santonates. 

Action.— Owing to its insolubility in water, santonin has only a 
slightly bitter tnste in the mouth. It is partially dissolved in the 
stomach and passes into the bowel, where it effects the removal of some 
forms of intestinal worms. Under special conditions part of the santonin 
may be absorbed in the bowel, however, and general poisoning results 
without the parasites being affected. A certain amount of absorption 
occurs in every case, as is shown by the disorders of color vision and 
by the yellow coloration of the urine. At first, objects appear of a bluish 
color to the patient, but this aberration is of comparatively short dura- 
tion and may in fact pass unnoticed. It is followed by a much longer 
period of “yellow sight" or xanthopsia, during which objects that are 
brightly illuminated seem to have a yellow tinge, blue seems green, 
and violet is indistinct, although in dimmer lights the violet may still 
predominate. In severe poisoning the appreciation of the darker colors 
becomes very imperfect, nnd violet and even blue may fail to be dis- 
tinguished from black. In general the violet end of the spectrum is , 
shortened, while the yellow impresses the retina more vividly than 
normally. In some cases the senses of taste and smell, and more rarely, 
of hearing, are also deranged. These symptoms all pass off in the 
course of a few hours, a second stage of “violet sight" occasionally 
intervening before complete recovery. 

The symptoms produced by the absorption of large quantities of 
santonin arc so uniform in man and the other mammals that it is sum- 
cient to enumerate those observed in experiments on the dog. The 
first distinct effects arc generally twitching of the muscles of the head, 
frequently beginning on one side. These arc followed by rolling of 
the eyes, grinding of the teeth, flexion nnd extension of the neck and 
rotation of the head from side to side, later by regular epileptiform con* 
vulsions in which the animal is first thrown into opisthotonos and then 
into clonic spasms of the limbs nnd trunk. These nre interrupted o' 
intervals of repose during which a curious momentary contraction of a 
the muscles of the body is often noticed. During the convulsive 
the respiration is irregular and insufficient, and in fatal cases it fai 5 
to return after the convulsion passes off, and the animal dies of as 
phyxia. In man, some confusion, nausea and vomiting occasional) 
occur after quantities which are too small to produce convulsions, an 
in several cases aphasia has been observed. In frogs, convulsions are 
produced by santonin as in mammals, but they are preceded by 
prolonged stage of depression, which is entirely absent in the hig ier 
animals. 


These symptoms manifestly point to chang< ’ ■" 7 . c h 

The xanthopsia is generally referred to a spec ■ * " ’ ' ■ the 

some hold that the central apparatus of visic ' ' ^ 

action. The condition has been ascribed to a t 

sequent depression of the sense organs for the perception of the violet and ^ 

. * . r .let 

■ . ' .■ ! of 
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taken three hours after a light evening meal and that the purge be given 
the next morning. For children the dose should not exceed 1-gr. in 
twenty-four hours. It is often prescribed in a powder or capsule with 
calomel. Fasting prior to the therapy is undesirable since this increases 
the absorption of the drug. 

Spigelia.-— Pink root (Spigelia maritima) was formerly used as a remedy for 
round worm. Occasional cases of poisoning have been observed, especially in 
children, the symptoms consisting in flushing and dryness of the skin, often with 
some edematous swelling of the face, delirium and stupor followed by dimness 
of sight or temporary blindness. In the dog and cat its injection is followed by 
vomiting, great weakness and incoordination of the movements, restlessness, 
rapid dyspneic respiration and finally by stupor, coma, and death from failure 
of the respiratory center. 

The fluid extract is used to remove round worms, which it seems to affect in 
very much the same way as santonin. It ought to be preceded and followed by 
a purge. 

Arecoline.— The areca nut derived from the palm (Arcca catechu) contains 
arecoline (CsHuNOi) which resembles pilocarpine in action and is used in vet- 
erinary medicine as a remedy in tapeworm. 

VI. CARBON TETRACHLORIDE 

Following the introduction of chloroform as a general anesthetic in 
1847, the closely related carbon tetrachloride was studied also as to its 
narcotic properties but it proved to be unsatisfactory and it was dis- 
carded as a medicinal agent. In 1921 it was recommended by Hall as a 
highly efficient and apparently safe remedy for the treatment of hook- 
worm infections and since that time it has been used in many thousands 
of such cases, showing a high degree of effectiveness. 

The drug has a mild local irritant action and its use may be followed 
by eructations and a feeling of warmth in the epigastrium. More rarely 
nausea and vomiting may follow its administration. Not uncommonly 
following these symptoms of local irritation there may be evidences ot 
the general action of the drug such as headache which may last for two 
or three days, dizziness, and not infrequently drowsiness. These symp- 
toms usually pass off in a brief time and are not important. Pain m 
the back and hematuria have also been described as occurring in man 
following the use of the drug. The drug, therefore, is not entirely safe 
and several deaths have already been reported from its use. The 
principal pathological lesion which has been described is a central 
necrosis of the liver. Different species of animals appear to vary con- 
siderably in their susceptibility to the poison; the dog and probably 
man are relatively tolerant while the rabbit is more susceptible. Cer- 
tain factors seem to lessen human resistance among which may be 
mentioned the use of alcohol, starvation and in general a. poorly nour- 
ished condition of the individual. A rich carbohydrate diet and the 
administration of calcium salts appear to lessen the likelihood of poison- 
ing. As the drug has a distinct cathartic action some of it passes out in 
the feces not having been absorbed at all, this being especially true » 
the dose administered has been large. Therapeutic doses (3 cc.) are 
probably largely absorbed from the intestine and excreted by the lungs* 
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The. toxicity of carbon tetrachloride has been studied by Lamson and his 


»■««**■ «.■>»* omau uu.« given m uns way nave caused definite 

Over lesions. In j-abbits^it was much more toxic. Repeated large doses given 


These symptoms, in an unanesthetized dog consist of excitement, muscular 
hvnertnnicitv. evidences of anTwtv und fright fnltnwwt l». ono r n. nr ; n r» — 


at autopsy is a massive pulmonary edema with focal hemorrhages. 

If the drug is injected into the portal vein there is extensive necrosis of the 
liver and following this the animal shows depression and becomes markedly 
jaundiced. 

Wells has shown that in dogs 3 cc. doses are completely absorbed in from 
twenty-four to thirty-six hours and that the rate of excretion, which is high at 

3-^0 ,„„:4l„ 4h a fim, «f»«- -.-v.'-u •'* 


000,000 it is notice- 
lan a faint one an 

loride leads appar- 


Therapeutic Uses.— Carbon tetrachloride, because of its cheapness, 
has been used mo^t extensively in the treatment of hook-worm infection, 
beiwp given to adults in a dose of 3 cc. To children it is given in doses of 
2 minims for each j car of age up to fifteen years. Special preparation of 
the patient is not necessary unless there is marked constipation, when 
a laxative may be given. However, n light meal followed by a saline 
purge on the evening prior to the day of treatment is preferable. The 
drug may be given in divided doses but is commonly administered as n 
single dove. It may be enclosed in a hard gelatin capsule or in n fluid 
vehicle, usually water. Milk is nho extensively ti«cd ns a vehicle ns it 
aids in forming an emulsion with the drug, thus covering up the taste." 
For this purpose, the do=c of the drug is shaken up with n small quantity 
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of milk and this emulsion is then poured into a larger quantity of milk. 
A saline purge one or two hours later followed by a warm soap-suds 
enema is recommended where feasible. Alcohol should be avoided both 
prior and for the day following therapy. The drug is contraindicated in 
alcoholics and those suffering from hepatic, renal, cardiac or pulmonary 
disease. 

The use of carbon tetrachloride has been largely superseded by 
ethylene tetrachloride which is much less toxic and equally effective in 
the treatment of hookworm. 

VII. TETRACHLORETHYLENE 

Tetrachlorethylene or ethylene tetrachloride (CCkiCClj) is less 
toxic and almost as effective as carbon tetrachloride in the treatment of 
hookworm. It is not readily absorbed and is believed to exert its anthel- 
mintic activity by narcotizing the intestinal parasites. 

Toxic effects consist of vertigo, headache and nausea. Alcohol and 
fats enhance its absorption and should be avoided for several days before 
treatment. After a saline purge on the preceding evening, the drug is 
administered in three 1 cc. gelatin capsules on an empty stomach. The 
dose for children is 3 minims per year of age. A saline purge is given 
within two hours or less after the drug and nd food allowed until evacua- 
tion of the bowel occurs. The treatment should not be repeated within 
a period of three weeks. 

When mixed infections of ascaris and hookworm occur, as is frequently 
the case, a course of treatment with hexylresorcinol should precede the 
use of tetrachlorethylene or carbon tetrachloride. Otherwise the stimu- 
lation of ascaris may lead to obstruction by a bolus of intertwined worms. 

Vm. HEXYLRESORCINOL 

This drug (1,3 hydroxy-4 hexylbenzene) was originally introduced as 
an antiseptic (p. 808). Lamson and his co-workers in an intensive 
study of the anthelmintic action in vitro of alkylhydroxybenzenes against 
pig ascaris found hexylresorcinol to be effective for this purpose. It was 
subsequently found to be an excellent remedy against human ascaris 
infection and to have also some action against hookworm. 

OH 


OH 


Hexylresorcinol 

Action.— The drug exerts an irritating action in both the stomach and 
•intestine, but this is not severe. It is relatively non-toxic and may *> e 
administered to ambulatory patients and in repeated series of treat- 



LECIIE DE IIIGUERON 


767 


tncnts if necessary. The drug is absorbed and eliminated in the urine, 
the remainder appearing in the feces. 

Therapeutic Uses.— Hexylresorcinol is used chiefly in the treatment of 
nscariasis and ns a preliminary therapy in the treatment of patients 
harboring both ascaris and hookworm. Purgation on the evening prior 
to treatment is desirable but not essential. The dose for adults is 
1 gram (15 gr.) given in 5 capsules of 0.2 gram (3 gr.), on an empty 
stomach. Children receive 0.1 gram (1§ gr.) per year of age up to ten 
years. Glauber’s salt is administered two hours after the drug and food 
is withheld from the patient for five hours. The treatment may be 
repeated after three days. Care should be taken that the capsules not 
be chewed to avoid erosion of the buccal mucosa. 

/ IX. GENTIAN VIOLET 

This dye which consists of a mixture of penta- and hexa-methylpara- 
rosaniline chlorides is also known as methylrosaniline, methyl violet or 
crystal violet. It is one of the antiseptic dyes {cj. p. 802) and is the drug 
of choice in the treatment of enterobiasis, strongyloidiasis and clonor- 
chiasis. 

Following its administration some patients may complain of dizziness, 
nausea, diarrhea, abdominal cramps, etc., but in therapeutic doses, the 
drug is relatively non-toxic. In the treatment of enterobiasis, two 0.03 
gram (0.5 gr.) four-hour enteric coated tablets are administered three 
times a day for eight days. After an interval of one week this is re- 
peated. For strongyloidiasis, the same dose of one and one-half hour 
enteric-coated tablets are administered for sixteen days. For children 
0.005 gram (3/20 gr.) are given for each year of age. In cases refractory 
to oral therapy, transduodenal intubation of 25 cc. of a 1 per cent aqueous 
solution of the dye is often effective. In pulmonary strongyloidiasis the 
intravenous administration of 25 cc. of a 0 5 per cent aqueous solution is 
recommended. 

X. PHEN OTHIAZINE 

Dibenzo-1,4 thiazine (thiodiphenylamine) or phenothiazine is used 
widely in veterinary medicine as an anthelmintic. It is a highly toxic 
drug which may induce acute toxic hemolysis. Nausea, vomiting, hema- 
turia are other evidences of its toxic effects. 

Phenothiazine is recommended for the treatment of enterobiasis in 
patients who are refractory or intolerant to gentian violet. The dose is 
1 gram (15 gr.) per day for six days w r ith repetition of the course of 
treatment after an interval of eight days. Children two to six years of 
age are given 0.5 gram (7f gr.) for a similar period. The drug is also 
used in the treatment of draeunculosis (dragon or guinea worm in- 
fection). 

XL LECHE DE HIGOERON 

The crude sap of the bastard fig, fiscus laurifolia, as well as of certain 
other w'ild fig trees contains a proteolytic enzyme, ficin, which acts as an 
effective anthelmintic by causing the digestion of the parasites. Where 
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available it is the drug of choice in the treatment of trichuriasis. Fol- 
lowing a saline purge on the preceding evening, 2 ounces of the drug are 
administered on an empty stomach followed by another saline purge in 
two to four hours. 

PREPAHATIONS 

Aspidium 

Aspidium (U. S. P.), male fern, consists of the rhizome and stipes of Dryop- 
teris filix-mas and yields not less than G.5 per cent of the oleoresin. 

Filix Mab (B. P.), male fern or aspidium, consists of the rhizome and leaf- 
bases of Dryopteris filix-mas. Dose, 4 to 12 prams. 

Extractum Fiucis (B. P.) f extract of male fern or the Olcoresina aspidii, 
contains 25 per cent of filicin. Dose, 3 to 6 mil. 

Oleoresina Abpidii (U. S. P.). The oleoresin of aspidium yields not less 
than 24 per cent of crude filicin. Dose, 4 grams. 

Carbon Tetrachloride 

Carbonei Tetraciiloridum (U. S. P., B. P.), carbon tetrachloride, tetra- 
chlormethane. Dose, U. S. P., 1 cc.; B. P., 2 to 4 mil. 

Capsul-e Carbonei Tetrachloridi (U. S. P.). Dose, 1 cc. 

Chenopodium 

Oleum Chenopomi (U. S. !>.. B. P.), oil of ' " . *' 

wormseed. A volatile oil distilled from the plant . ■ . 

var. anthelminticum. The oil yields not less t • , . 

(CioHuOt). Dose, U. S. P., 1 cc.; B. P., 0.2 to 1 mil. 

Capsule Olei CiiENoroDii (U. S. P.). Dose, 1 cc. 

Gentian Violet 

Metiiylrosanilinje CiiLonrouM (U. S. P.), gentian violet, methyl violet, 
crystal violet, a dark green powder soluble in water. Dose, 60 mg. 

Hexylresorcinol 

. Hexylresorcinol (IT. S. P.) (C«Hi»O0, white needle-shaped crystals, P raC 
tically insoluble in water. Dose, 1 gram. 

Pomegranate 

Pelletierina; Tannas (U. S. P., B. P.), a mixture in varying proportions 
of the tannates of four alkaloids (punicine, isopunicine, methylpumcine 
pseudopunicine), obtained from pomegranate bark. Dose, U. S. P., O.^o gr > 
B. P., 0.12 to 0.5 gram. 

Santonin 

Santoninum (B. P.) (CuHuOj), a neutral principle derived from A rte ^ s ^ 
pauciflora, is colorless when freshly prepared, but assumes a yellow color 
exposed to the light. This does not seem to impair its activity materially, 
it is preferable to avoid it by keeping santonin in amber-colored vials, u 
0.06 to 0.2 gram. 

Tetrachlorethylene 

Tetrachloro.ethylenum (U. S. P.), ethylene tetrachloride, C*Ch, ea £ 
mobile liquid having a characteristic ethereal odor, practically insomoi 
water. Dose, 3 cc. 

Capsule Tetijachlor OvEThtleni. Dose, 1 cc. 

Thymol , 

TimiOL (U. S. P., B. P.) (C.H.C,H,CH.OH), occurs in common thyme ana 
other plants, and forms large colorless crystals which have the odor ox tny 
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and are very insoluble in water. It may also be prepared synthetically. The 
dose a3 an anthelmintic is: U. S. P., 2 grams, divided into 3 doses; B. P., 1 to 2 
grams. 1 

REFERENCES 


Barnes: Jour. Am. Med. Assn., 79, 904, 1922. (Thymol.) 

Beets: Rcc. trav. chim.. G2. 553, 1943. (Structure of Pelletierine ) 



■podium.) 



chloride.) 

Roddins: Jour. Pharm. and Exper. Therap . 37, 203, 1929. 

Rogers. ' l0H 

Sandorou 1 

Semper- 

Seidell: 

Smillie k' ■ mm • ■ 

Smyth an 

SOLLMANP " 

Tbendel * 1 


Van Wym- 


■* Actfon.) 
n Tetra- 

(Carbon Tetrachloride ) 


> 

1924. (Chenopodium.) 
»e of CCT< in Industry.) 
■antouin.) 

(Saptonin) 




PART V 


Antiseptics and Disinfectants 


, Various balsams, tars and other aromatic bodies have enjoyed a 
reputation in the treatment of wounds since earliest antiquity but the 
whole course of surgery was changed about 1870 when Lister introduced 
the systematic application of antiseptics to wounded tissues. The 
general principle underlying this treatment was that infection arises 
from the invasion of the tissues by microorganisms and that it can be 
combated with by preventing them from reaching a wound or by retard- 
ing their growth on the injured surface by means of antiseptic drugs. 
The first of these which lie introduced was carbolic acid, and this held 
its position unchallenged for several years, when it was discovered that 
many other substances were equally destructive to the microorganisms 
and were less poisonous to the invaded tissues. The Listerian principle 
of antisepsis was superseded by the present methods of preventing the 
infection of the tissues by a very careful technique (asepsis). Only 
when this is impossible is the use of antiseptics and disinfectants still 
necessary. However, even the newer aseptic surgery depends on the 
use of disinfectants to cleanse the skin and instruments. During the 
first World War the study of the action of antiseptics and of antiseptic 
methods in surgery received a new impetus due, of course, to the unprec- 
edented prevalence of infected wounds. As a result of these studies 
much valuable information was gained and some important modifica- 
tions of established surgical antiseptic methods were introduced. During 
the second World War, on the other hand, the availability of the effective 
sulfonamide derivatives and antibiotics as systemic anti-infectives rele- 
gated interest in local antiseptics to minor consideration. 

A disinfectant, in the strict use of the term, is a substance used to 
destroy microbes, whereas an antiseptic, while not actually killing the 
germs, prevents their growth as long as it remains in contact with 
them. A disinfectant is accordingly only intended to act for a short 
time, for if the infected matter be once rendered sterile it can only 
become dangerous by being again contaminated. For example, a 
room requires only to be disinfected after a case of infectious disease. 

A wound, on the other hand, even though completely disinfected may 
become contaminated again very easily and an antiseptic may be 
required to prevent the further growth of microbes. Many substances 
are disinfectant in large quantities and antiseptic in more dilute solu- 
tions, but others are too weak to disinfect thoroughly though they 
retard the growth of pathogenic organisms, and still others may be 
employed to disinfect but are unsuitable for use as antiseptics, either 
because they are too poisonous to be applied for a sufficient time, or 
because they lose their activity on contact with living matter (e. g.; 
oxidizing disinfectants). 


( 771 ) 
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A very large number of substances possess disinfectant properties, 
that is, are capable of destroying microbes when they can be applied 
in sufficient quantity. They have no specific action on the microbes, 
however, but act as general protoplasmic poisons, destroying living tissue 
of all kinds wherever they come in contact with it. On the other hand, 
drugs such as strychnine, which act on specialized parts of the vertebrate 
organism and 'have less efTect on the less differentiated tissues, are 
equally harmless to the undifferentiated protoplasm of the microbes. It 
is of importance to note that the ordinary antiseptics do not act more 
strongly on microbes than on the tissues in which they are embedded 
or on the phagocytes with which the organism is combating the infection. 
The destruction of the septic organisms in a wounded surface entails 
the destruction of the surrounding cells also. Thus disinfection can 
only be carried out in a part in which the superficial cells are not of 
vital importance and may be restored by new growth. It is therefore 
impossible to disinfect the tissues of the body as a whole unless a drug is 
parasitotropic, that is, has a specific affinity for the parasite rather than 
for the organs in general (organotropic). Although many attempts vrere 
made to find drugs manifesting such selectivity it was only with the 
introduction of the sulfonamides, antibiotics and other systemic anti- 
infectives that this goal was attained. By the local or systemic applica- 
tion of these substances antisepsis, may be obtained without injury to 
the normal tissues. The term antiseptic is now usually limited to the 
drugs exerting a local anti-infective action although in its broad sensei 
should also include the systemic anti-infectives described in previous 
sections. 

The antiseptics and disinfectants act upon most forms of living ma • 
ter, and in many instances their effects are obviously due to their pos- 
sessing powers of oxidizing or of coagulating proteins. In some in- 
stances their effectiveness is probably due to interference with basic 
enzyme systems, or to their interference with permeability of the vi 
membrane surrounding the pathogenic organisms. The amount 
destruction induced varies with the degree to which the poison pene- 
trates the tissues to which it is applied. For example, mercuric colon 
diffuses deeply into tissues brought in contact with it and causes wi 
destruction, while the oxidizing disinfectants lose their efficacy on me 
ing proteins and thus affect only the most superficial cells. If micro 
were confined to the surface, the latter would be sufficient for tne 
destruction, but in order to disinfect a wound it is necessary to penetra 
more deeply and thus efficient disinfection implies a certain amoun o 
destruction of the tissues in which the microbes are harbored. ^ * 
local destruction of cells and nervous structures induces pain and irri < ^ 
tion and many efficient disinfectants are irritants. Their action 
irritants arises from the same qualities as their disinfectant pow » 
namely, from their general toxicity to living matter. , . j. 

When a surface has been poisoned by means of disinfectants, it nca = 
less quickly, and this had led to the more sparing use of antiseptics a ^ 
to the development of the aseptic method, in which organisms 
excluded instead of being admitted and then destroyed. With 
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discovery of the sulfonamides and antibiotics these, in turn, displaced 
the previously used antiseptics in many cases for these substances not 
oply inhibit the growth of the invading pathogens but induce only 
minimal or no injury to the normal tissues. 

In addition to their local effect, many of the antiseptic and disin- 
fectant drugs have a further poisonous action when they .are absorbed 
and circulate in the blood, and this has led to a further limitation of their 
use. This general action does not necessarily arise from the qualities 
which render them antiseptic, and may be avoided by care in the choice 
of the drug and in its use. 

The action of different drugs upon the microorganisms varies in 
nature in the same way as the •action on other living cells. Some ap- 
parently penetrate into the interior by virtue of their solubility in lipids, 
and this penetration is facilitated by anything which decreases their 
solubility in the surrounding medium. Others accumulate on the surface 
of the organisms by adsorption, so that the microbe h surrounded by n 
dense layer of disinfectant. Yet others appear to enter into true chemical 
combination with the constituents of the parasites. Some of the anti- 
septics (e. g., carbolic acid) enter the cell by simple diffusion and do not 
accumulate in its interior in greater concentration than in the solution 
surrounding it. Others {e. g , corrosive sublimate) tend to accumulate 
in the cell and on its surface by adsorption, and thus are withdrawn 
from the solution if a sufficient number of microbes is present. 

The efficiency of any disinfectant naturally depends on the con- 
centration in which it comes in contact with the microbes and the time 
during which it remains in contact with them. Thus a solution of mer- 
curic chloride of the strength of 1 in 3,000 is much more efficient than 
one of 1 in 10.000, and after exposure to n solution for five minutes for 
fewer microbes escape than after exposure fur two minutes. Another 
factor is the temperature at which the microbes are exposed to the 
disinfectant, for it »s found that when the latter is kept at nl>oiit 30° C. 
far fewer bacteria escape than when ordinary room temperature prevails. 
Different species of microbes vnrj in their resistance, and different 
cultures of the same microbe and even different individuals of the fame 
culture exhibit market! variations in susceptibility. The effect nbo 
often varies inverse!} with the number of microbe* prcM-nt, Ihcwuh* 
each of these withdraws a certain amount of the disinfectant and thus 
reduces the general concentration of the solution And other proteins 
have the same influence as the microbes themselves, for the} offer the 
disinfectants the same surface for adsorption or combine with K omc of 
them in the "nine way ns the proteins of the micro! w*. 11ms a con- 
centration which is sufficient to sterilize water infected with bacteria, 
may hast* little or no effect if applied to a suppurating wound, ! Krause 
the greater part of the disinfectant is taken up or othirwt-* rendered 
inactive b\ the proteins of the secretion, leasing only n low concentration 
to act on the micro organism. Tims many substances which are {v>wtr- 
fui disinfectants in ordinary fluids 1om> their activity in protein solutions 
(commonly called the “p ri,tcct * ve «<*h*ti °? cnUoifJ*''}, owing to their 
forming combinations iritli the protein*, so that though they are ml 
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dangerous to the host, they are comparatively innocuous to the microbes 
in the tissues. The inhibiting action of the proteins may also be due 
partly to their limiting the diffusion of the disinfectant. In fact, many 
of the antiseptics and disinfectants act on proteins generally and not 
specifically on microbes. The lipids, like the proteins, may also lower 
the potency of antiseptics. 

If a poison is to penetrate into the interior of an organism in quan- 
tity, it must be as soluble in the protoplasm as in the fluid in which 
it is applied, for it is obvious that it will not leave a medium in which 
it is readily soluble for one in which it is dissolved with difficulty. 
Accordingly, it is found that fats and oils in which the members of 
the aromatic series are very soluble aro not suitable as media for their 
application, for the poisons remain in the oily menstruum and fail to 
penetrate the microbes in which they are less soluble. Mercuric chloride 
dissolved in alcohol has little germicidal power but this is due to the 
fact that mercuric chloride, and indeed salts of the other heavy metals as 
well, are not dissociated in alcohol (95 per cent) and it is necessary in 
order that the salt be active that it should be so dissociated. On the 
other hand, if the mercuric chloride (or silver nitrate) is dissolved in 
dilute alcohol (25 per cent) its action is strengthened, probably due to the 
penetration of the salt being favored. The addition of inorganic salts 
to an 'aqueous solution of carbolic acid often increases its antiseptic 
power, because the poison becomes less soluble in the water and shows a 
greater tendency to escape from it into the interior of the microbes 

There is reason to believe that solutions containing several disinfec- 
tants are more strongly antiseptic, than those containing an equa 
percentage of the individual pure bodies; for example, a mixture o 
phenol and mercuric chloride, is more efficient than a much stronger 
solution of either alone; a combination of gentian violet and acrinavme 
(“acri-violet”) is more germicidal than either alone. 

Disinfectants and antiseptics are used for a large variety of purpos 
and it may be well to consider the principles which underlie their us 
before discussing the special features of each drug. . , , 

1. In Surgery, Lister advised that not only infected wounds should 
treated with disinfectants but that infection of any wound should 
guarded against by the application of antiseptics which would re a *_ 
the growth of microbes. It is now recognized, however, that a c e 
wound requires no antiseptics and heals more quickly if they are avoi • 
Disinfection in surgery is now applied only to tissues already the 
of infection, and to objects which may come in contact witha c 
wound. Among the latter, those which offer the greatest di&cu ^ 
are the skin of the patient and of the operator, and a large num be 
drugs have been employed to disinfect these and render them harm ^ 
Among the disinfectants more commonly used to disinfect the ski ^ 
to destroy the organisms in a wound already infected are soap ^ 
other detergents ; the carbolic acid group, aqueous ethyl, proftf 
isopropyl alcohol; acetone; the inorganic and organic mercurials,^ 
oxidizing disinfectant group, including iodine and other halogens 
their derivatives, etc. For use in disinfecting the skin in certain 
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tions which are especially difficult to render sterile, such as the perianal 
region, Bonncy and Browning have found that a mixture of crystal 
violet and brilliant green (violet-green) in a 1 per cent solution is 
especially effective. The disinfectant must be applied in solution or 
suspension in water, and should induce as little irritation as is compatible 
with its fulfilling its purpose. This is of special importance in dealing 
with the delicate, sensitive mucous membranes such as the eye, which 
cannot be subjected to such treatment as would be necessary in other 
parts of the body, A danger which is smaller now than formerly is 
from the absorption of the disinfectant giving rise to general poisoning. 
This arose as a general rule not only from the drug applied during the 
operation, but also from its too lavish use in the subsequent dressings 
and the use of powerful disinfectants to wash out large abscesses, the 
uterus, or other organs 

Instruments, ligatures, etc., arc generally disinfected by heat, but 
are often Kept in dilute solutions of carbolic acid or other disinfectants 
until required. 

The relative disinfecting power of the drugs used in surgery has been 
investigated repeatedly but no satisfactory ratio can be given as yet, 
because it is impossible to imitate the conditions in a septic wound 
closely enough in experimental determinations. And estimations of the 
relative power in destroying organisms in water or in broth cultures 
depend upon a variety of conditions, such as the number of organisms 
and the completeness with which the disinfectant is removed before 
test growths are made. 

For disinfection of the shin 70 per cent ethyl alcohol, the mixture of 
ethyl and propyl alcohol, or acetone are quite efficient, especially if the 
skin is rubbed with gauze at the same time that these liquids are being 
used. The solutions containing iodine, such as the mild tincture of 
iodine U. S. P., hold high rank ns surgical disinfectants of the skin 
although their use is limited by their staining and irritating properties. 

In the case of mucous membranes the silver compounds are extensively 
used. 

2. In the Treatment of Skin Diseases, a number of disinfectants have 
been employed, and where the area of infection is '■mall it may he 
permissible to use the more powerful ones if necessary. But in wide- 
spread disease the dangers of local irritation and of absorption preclude 
all except the least noxious, and it remains a question how far these 
act in retarding the growth of an infecting organism, and how far their 
effects may be due to their causing slight irritation and improved 
nutrition. Sonic dermatologists hold the view that these mild skin 
remedies owe much of their value to their reducing properties. Among 
the remedies used are ebrysarobin, pvrogallol, resorcinol, salts of mercury 
and the tar scries. 

3 To Disinfect the Intestine. —Septic processes may occur cither in 
the contents of the intestine or in its walls, the former nffccting the 
general organism only by the production of poisonous or irritant suit- 
stances which may 1>c obsorltcd, while in the Latter the tissues of the 
wall themndves liecomc the seat of active tlkav. The older attempts 
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to sterilize the intestinal tract proved futile, it being generally conceded 
that it was better to remove the putrefying contents by means of a 
purgative, than to attempt to render them sterile in the bowel by means 
of disinfectants. By the use of the sulfonamides it* is possible, as we 
have seen, to effect partial sterilization of the gut. When the bowel 
wall itself is 'the seat of bacterial infection the use of systemic anti- 
infectivcs is necessary and it is probable that some of the newer anti- 
biotics will ultimately furnish the long sought effective intestinal 
antiseptic. 

Any drug used for the disinfection of the intestine must hot be irri- 
tant, nor very poisonous. It must not be too soluble, since otherwise 
it may be absorbed from the upper part of the bowel, and on the other 
hand it must be soluble to some extent, or it cannot mix very intimately 
with the contents of the intestine. 

4. To Destroy Pathogenic Germs in the Tissues After Absorption.— To 
destroy all forms of bacteria in the tissues, while leaving the host unin- 
jured, a drug must possess properties which will exert a specific action 
upon the invading organism with only tolerable effects on the host. 
Such a specific action is seen in the effects of the antimalarials, sulfon- 
amides, antibiotics and other systemic anti-infcctives described in pre- 
vious sections. 

5. In the Treatment of Septic Genito-urinary Diseases.— Good results 
are obtained in infection of the genito-urinary tract through which 
many of the antiseptics are eliminated from the body. In the course 
of their elimination they arc concentrated; thus a quantity of disin- 
fectant which is inactive when distributed through the protein-rich 
tissues of the body, may very well be efficacious when it is dissolved in 
the comparatively small quantity of the urine, and especially since here 
it finds no protein to combine with except that of the tract through which 
it passes. The drugs used for this purpose must not be too irritant to 
the mucous membranes of the alimentary tract, and must be easily 
absorbed and not dangerously poisonous. 

In addition to the administration of drugs for the purpose of disin- 
fecting the urine and the urinary tract, an effort has been made to 
render the urine sterile by means of its acidification produced by the 
giving of a ketogenic diet. This method of rendering the urine more 
acid is roundabout and clumsy and has been superseded by the use of 
mandelic acid— a relatively non-toxic, hydroxy acid, excreted unchanged 
in the urine which it renders bacteriostatic. 

In addition to the oral method of treatment, antiseptics and disin- 
fectants may be applied by injection into the urethra and bladder by 
the ordinary surgical procedure. For this purpose the silver com- 
pounds, potassium permanganate, chloramine and acriflavine, were 
formerly extensively employed but these have been largely superseded 
by the administration of the sulfonamides and antibiotic drugs. 

6. In the Treatment of Infections of the Lungs and Other Internal Organs 
and Their Secretions.— Traces of some of the more volatile antiseptic 3 
are eliminated in the breath, and this suggested their internal use to 
destroy microbes in the lungs, especially the tubercle bacillus. However, 
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the case of the lungs differs entirely from that of the kidney, for in the 
former there is no concentration of the disinfectant in the organ, but 
it is excreted in even greater dilution than that in which it circulates in 
the general tissues; the_ surface of the lungs has been estimated at about 
70 square meters, and it is impossible to conceive that small quantities , 
of antiseptic spread over this surface can affect bacteria harbored on it. 
It is only with the introduction of the recent sulfonamide and antibiotic 
drugs that efficient sterilization of infections of the lungs as well as 
other internal organs and their secretions has been attained. 

7. To Disinfect Rooms, Furniture, Clothing, Excrements,, the strongest 
and cheapest drugs which are available are employed. It is quite futile 
to attempt to carry out such disinfection unless with concentrations 
which would be immediately fatal to all higher organisms. For rooms 
and furniture, formaldehyde or sulfur dioxide are best adapted as they 
are volatile and penetrate fairly well, but the latter bleaches all dyed 
material. The use of ultraviolet irradiation or of relatively non-toxic 
antiseptics dispersed in aerosols has also been recommended for the ster- 
ilization of the atmosphere particularly in surgical operating rooms. 
Clothes are best disinfected by washing or preferably by steam or dry 
heat, or formaldehyde solution may be employed. Excrement may be 
disinfected by chlorine or lime; crude carbolic acid and tar are less 
certain, and the oxidizing disinfectants are expensive when used in 
quantity. 

8. To Disinfect Drinlang-water. — ' The water supplies of urban areas 
are disinfected when necessary by the use of chlorine and filtration. 
Smaller quantities may be freed from infectious organisms by heat or 
filtration, but when these are not available, chemical disinfection may 
be necessary, as for example in military expeditions. The disinfectant 
must not be present in such quantities as to render the water poison- 
ous, or even disagreeable to the taste. Fortunately, 'the organisms are 
not protected by the presence of colloids and arc therefore destroyed 
by very small quantities of disinfectants. The most convenient is 

f *’■ ’ ’ 1 •** halazone 

(P- . . 

I ■ ■ • purposes 

and might be classed under several of these headings. The following 
arrangement is therefore an arbitrary one, and merely points to the use 
for which the drug has been considered most adapted. Many of the 
drugs to be discussed are obsolete insofar as their therapeutic usefulness 
is concerned. However, they are still widely used nnd remain of phar- 
macological and toxicological interest. 

I. SURGICAL ANTISEPTICS AND DISINFECTANTS 
I. Soaps and Other Detergents 

Ordinary soaps may be used to effectively rid the skin of bacteria. 
They act in virtue of their detergent effects !>cing designated as anionic 
detergents since the effective part of tl e soap molecule i* an onion. 
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Recently other detergents which are cationic have been introduced as 
antiseptics. They are mixtures of alkyl chlorides. 

Zephiran chloride is a mixture of alkyl dimethylbenzyl ammonium 
chlorides having the general ’formula C 6 H 6 CH 2 N(CH 2 ) 2 RC1 in which 
R represents a mixture of alkyl radicals from CsHir to C 18 H 3 7 . It is 
used for the prophylactic disinfection of the intact skin and for the 
treatment of 'superficial injuries in the form of the 1 : 1,000 tincture. 
For application to mucous membranes and for irrigations, more dilute 
solutions of 1 : 2,000 to 1 : 40,000 are employed. 

Phemerol, para-tertiary-octyl-phenoxy-cthoxyethyl-dimetliyl benzyl 
ammonium chloride, is another detergent used in the form of a tincture, 
alcohol-acetone solution, or in the form of its aqueous solution for disin- 
fection of the skin. 

2. Alcohols 

Ethyl alcohol is a disinfectant when used in 70 per cent dilution by 
weight or 78 per cent by volume, and has been used to clean and disin- 
fect the skin and hands before operation. The disinfectant action dimin- 
ishes rapidly as this strength is departed from either by dilution or by 
use of more concentrated solutions. Normal propyl alcohol has also 
considerable disinfectant power and a mixture of 95 per cent ethyl 
alcohol (675 cc.) with pure propyl alcohol (250 cc.) and distilled water 
(250 cc.) prepared at 25° C. has been shown to be more effective as a 
skin disinfectant than ethyl alcohol alone. The disinfectant action of 
alcohol can be aided to a considerable degree by gently rubbing the skin 
with sterile gauze while the alcohol is being employed. 

Isopropyl alcohol has also been recommended for the disinfection of 
the skin and of hypodermic syringes and needles. It is also employed 
as a disinfecting agent prior to the administration of insulin. Although 
it compares favorably with ethyl alcohol insofar as its anti-infective 
action is concerned, neither these alcohols, nor most of the other com- 
monly used antiseptics can be relied on to destroy the spore-bearing 
organisms. 

3. Carbolic Acid (Phenol) 

Carbolic acid, or phenol, the first of the modern antiseptics to be 
introduced, acts like the rest of the simpler benzol compounds as a 
General Protoplasm Poison, although in the vertebrates it affects the 
central nervous system more powerfully than the other tissues. 

Its poisonous effects are well seen when it is applied to unicellular 
organisms, such as the -protozoa . Even dilute solutions cause immediate 
arrest of all movements; the organism assumes a spherical shape and 
loses its transparency, and, unless the solution be very attenuated,' 
dies in the course of a few minutes. Plant cells are acted on in the same 
way, and the individual cells of more highly organized animals, such 
as the ciliated epithelium of the air passages and the spermatozoa , are 
killed at once when brought in contact with carbolic acid. There is 
some evidence, however, that very dilute solutions of carbolic acid, _ 
as of other antiseptics, tend to increase the activity of protoplasm, for 
while solutions of phenol, such as are used as surgical antiseptics, are 
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immediately fatal to the yeast plant, very dilute solutions increase its 
activity. The effect of carbolic acid on protoplasm has, however, been 
studied chiefly in the bacteria. Its antiseptic power, while always 
considerable, is found to vary greatly with the species of microbe. 
Thus, while it is fairly poisonous to the ordinary pyogenic organisms, 
it has to be present in very concentrated form to destroy the more 
resistant spores of anthrax, and like other antiseptics, is much less 
poisonous to the microbes than to the protozoa and other simple forms 
of life. The development and reproduction of many microorganisms 
have been found to be much delayed, or altogether prevented, as long 
as they remained in a solution of 1 part of carbolic acid in 400 to GOO 
parts of water, but in. order to kill them very much more concentrated 
solutions (5 per cent) were required, and Koch found that the spores 
of the anthrax bacilli were destroyed by 5 per cent carbolic solution 
only after they had remained in it for two days. 

Carbolic acid precipitates Proteins in solution and also in the cells. 
It does not seem to enter into any firm combination with them, for 
it can be washed out of the precipitate with comparative ease. It 
results from this that carbolic acid penetrates more thoroughly than 
the metallic antiseptics, which are rendered insoluble by the protein 
they meet, and whose action therefore tends to remain confined to the 
surface. 

This coagulation of the proteins occurs whenever carbolic acid is 
brought in contact with the tissues. On the Skin a white, opaque lesion ' 
is formed by concentrated phenol, which becomes red and shining 
afterward and then falls off in a few days, leaving a light brown stain 
which may remain for several weeks. Even a 5 per cent solution ap- 
plied to the fingers produces tingling and warmth, which is often fol- 
lowed by opacity and shrinking of the epidermis and a sense of numb- 
ness. This numbness may amount to almost complete anesthesia 
if more concentrated solutions are applied, no pain being felt even 
when the skin is cut through. When applied for some time and pre- 
vented from evaporating, carbolic acid may cause extensive dry gangrene 
of the part, from its penetrating through the surface layer and reaching 
the deeper tissues. Applied to a Wound in 5 per cent solution, phenol 
induces pain and irritation followed by local anesthesia, and a white 
pellicle'of coagulated proteins is formed. It causes irritation and necrosis 
of the Mucous Membranes, and if applied in sufficient quantity may 
lead to sloughing and acute inflammation. This local effect may prove 
fata! from shock and collapse when large quantities of the undiluted 
acid are swallowed, the effects resembling exactly those produced 
by other corrosive substances. Carbolic acid is rapidly absorbed from 
the stomach and bowel, but after some time the absorption is mucli 
slowed owing to local changes in the vessels of the intestine. 


Toxicology.— In man delirium and excitement have been ob«erved in some 
cases, but • ■ ■ ■■ irge quantities 

are taken, '■ ' )Uow within a 

few minute ' ■ , ' far the direct 

action on the central nervous system is involved, cannot be determined. In 
more gradual poisoning, depression and weakness, headache, nausea and vomit- 
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mg are followed by giddiness, noises in the ears, pallor and collapse, with irregular 
pulse and respiration, and cold perspiration; fainting and unconsciousness then 
lead to failure of the respiration and death. Fatal poisoninir mav r- — , 

swallowing a concentrated or a /lilt.*- * ( 

and abscesses, 
skin. 

The autopsy sometimes gives no special indications of the cause of death, 
save the local corrosion of the alimentary canal. Inflammation and necrosis 
of the intestine is said to have been observed in some cases in which the poison 
was absorbed from skin wounds, and fatty degeneration is sometimes induced 
in the liver and the renal epithelium, but is not constant. 

In the frog carbolic acid first causes depression and loss of the spontaneous 
movements, and later fibrillary twitching in the muscles, augmented reflex 
excitability and finally tonic convulsions. These may last for some time and 
then complete paralysis of .the central nervous system supervenes, while the 
heart and the peripheral nerves and -- 1 * '.7* 

of — 

ele " 1 . ‘ . — uueis aim tne cells 

of i,.i, uuLcrmr horn (iiaglioni). 

In mammals very similar symptoms are produced, save that there is often 
no noticeable preliminary stage of depression. Some weakness and lethargy 
may be present, however, and is followed by marked muscular tremor, which 
resembles the shivering produced by cold. At intervals this is interrupted by 
sudden twitches in different muscles, and later by clonic convulsions. The 

respiration and pulse are at first accelerated, r f ‘ ' • ' '■ lar, 

'and weak. The movements become feeble at the 

respiration is shallow and irregular, and the i • • 

coli < » t ' cft i**«4* ; ~t* 1 -— ■ " 

Ais*. 

■’ ' . * , vitcu ceasing 

* * . ■ * salivation is a marked symptom, and the tem- 

perature often falls far below the normal. 

Central Nervous System.— The convulsions in the frog arise from increased 
irritability of the spinal cord, especially of the anterior horn cells, for they are 
not arrested by section of the medulla oblongata. In mammals the sudden con- 
tractions of isolated muscles appear due to a similar action on the spinal cord, 
but the clonic convulsions and the persistent tremors are probably of cerebral 
origin. The rarity of convulsions in man has not been satisfactorily explained. 

In some cases the course of the intoxication is too short, the large amount of 
poison swallowed inducing immediate collapse, while in others their absence 
may be due to the debility of the patient from disease; but in a considerable 
number of cases of poisoning in which neither of these conditions was present, 
no convulsions were observed. The primaiy stimulation of the central nervous 
system in animals is followed by depression and paralysis if large doses are 
administered. 

The acceleration of -the Respiration and of the Heart seen in mammals has 
been supposed to be an indirect result of the increased muscular movement and 
convulsions, but this seems to be incorrect, for the heart is found to be accelerated 
before the convulsive movements and tremor appear, and the frog's heart is 
accelerated in cases where no movements whatever occur. It would seem prob- 
able that the acceleration of the heart is due to direct action on the muscle or 
on the regulating nerves. The subsequent slowing is undoubtedly due to mus- 
cular action. , 

The acceleration of the respiration precedes the increased movement, and 
would therefore seem to be due to action on the medullary center, which is first 
stimulated and later paralyzed. The vasomotor center is depressed oy the 
injection of carbolic acid into the blood, atifl this, together with the weakness 
and slowness of the heart, causes a fall in the 5 

The peripheral Nerves and Muscles do not . 1 

poisoning in mammals, although in the frog th< ■ ■ . 

for work of the muscle may be somewhat reduced. 
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On the direct application of solutions of carbolic acid to the nerves or 
muscles, these are killed at once, like other forms of living matter; 
even dilute solutions paralyze the nerve fibrils and terminals and thus 
induce local anesthesia 

The increased Secretion of saliva, perspiration and tears which is 
seen in poisoning in mammals is probably of central origin, and may 
possibly be associated with the nausea and vomiting. 

The fall in Temperature in carbolic acid poisoning seems, for the 
main part, to be due to the collapse, although it is impossible to state 
how far this may be aided by some alteration of the regulating function, 
such as is seen in the closely related group of the antipyretics. 

Carbolic acid added to the defibrinated Blood leads to the slow for- 
mation of raethemoglobin, but this does not occur in the living animal. 
Occasionally some destruction of the red blood cells is caused in animals 
through the injection of carbolic acid directly into the blood-vessels, 
and in one case of poisoning in man hemoglobin was detected in the 
urine, indicating that some of the red cells of the blood had been 
destroyed. 

Excretion. - Some of the carbolic acid absorbed is oxidized to hydro- 
quinone and pyrocatechin, and these and aho the unaltered carbolic 
acid arc cxerccd in the urine in combination with sulfuric and glycttr* 
onic acids. The hydroquinonc and pyrocatechin tend to become further 
oxidized to colored substances and the urine therefore assumes a dark, 
dusky-green color which may change to brown or even black. This 
change ma\ occur in the body, and the urine is very often passed of a 
greenish-brown color, but further oxidation takes place on exposure 
to the air, resulting in deeper coloration which commences at the surface 
of the fluid and gradually extends downward. The depth of the shade 
depends not on the amount of phenol sulfate in the urine, but on that 
of the dioxybenzob, and a darker urine is often observed, therefore, 
when the absorption has occurred from an open wound (in which the 
conditions are especially favorable to oxidation) than from much larger 
quantities absorbed from the alimentary canal. 

The presence of giycuronatcs in the urine may lead to its reducing 
Folding's solution, ami thus give rise to the suspicion of gl\cosuria. 

On the other hand, the passage of these IkkIics through the kidney 
often causes 50111c irritation and albuminuria. The double *uttate« 
of the urine are, of course, much increased, and the inorganic «ulfatcs 
are correspondingly diminished. 

Therapeutic Uses.— Carbolic acid is used as an antiseptic in surgical 
operations in 2 to o per Cent solution i» water. It now plays a much 
l**>s important role in surgery than it did in the first das'* of nntbcp-i-i; 
in fact it is now employed only to protect the instruments from infection. 

Its irritant action and the danger of absorption have nbo renderrd it 
obsolete ns a droving or lotion after ojw ration* or injuria, nht re there 
is any large absorbent Mjrfarc.or ulwrc irritation i« liable in }** injurious, 
as jn mn-t forms of skin disca-c. 

Certain proprietary <afvr* which contain phenol arc a Mr ly mM for 
application to burn*, boils anti other painful lesions of th** skin. Their 
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popularity^ is probably dependent upon the anesthetic action of the 
1 phenol which they contain. The applications of such salves or .dilute 
solutions of phenol in bandages to injured fingers for a number of days 
has led to gangrene, necessitating amputation (Harrington). 

Carbolic add has a limited use as a caustic in the form of the liquefied 
preparation, and is less painful than most other caustics. It has also 
been employed in itching skin diseases. 

Poisoning. —In carbolic acid poisoning, when it has been taken by 
the mouth, the first treatment is the removal of the poison by x the 
stomach tube and the thorough lavage of the stomach with water to 
which 10 per cent of alcohol may be added; the alcohol dissolves the 
poison more readily than water and thus facilitates its removal, but 
' has no other antidotal action, and should be removed from the stomach 
as completely as possible; when absorption has occurred from the skin 
or from a wound the dressing should be removed at once. Wien coma 
and collapse set in, the patient is to be sustained by the application of 
warmth externally, and by the administration of such central nervous 
stimulants as caffeine or strychnine; artificial respiration may eventually 
be used, although there is little prospect of resuscitation if the intoxica- 
tion has advanced so far. The corrosion induced by carbolic acid locally 
may be treated by washing the part with alcohol, which dissolves the 
acid readily. 

Preparations 
V. S. P. 

Phenol, carbolic acid, forms colorless, deliquescent crystals when recently 
prepared, but often assumes a reddish tinge from oxidation. It has a character- 
istic odor and is intensely corrosive. It is soluble in about 15 parts of water, but 
becomes liquid when 10 parts of water are added to 90 of the crystals, forming 
Phenol Liquefactum of the U. S. P. This must be carefully distinguished 
from the ordinary solution of carbolic acid, which contains only 2 to 5 per cent 
of phenol, while the liquefied carbolic acid contains from 80 to 90 per cent. 

Phenol Liquefactum contains 88 per cent of phenol. 

Unguentum PnENOLis, 2 per cent phenol in yellow ointment. , 

B. P. 

Phenol. 

Glycerinum Phenolis, 16 per cent phenol. Dose, 0.3 to 1 mil. 

Phenol Liquefactum, 80 per cent phenol. Dose, 0.06 to 0.2 mil. 

Trochiscus Phenolis. Each lozenge contains 0.03 gram of phenol. 

Suppositorium Phenolis. Each suppository contains 0.6 gram or pnenoi. 

Unguentum Phenolis, 3 per cent phenol. 

4. Substituted Phenols 

A number of phenol derivatives are used as antiseptics. In general, 
these are more bactericidal than phenol itself and are less caustic and 
toxic. Thus the halogenated phenols, in which a halogen is substituted 
for one or more of the hydrogen atoms of phenol are much more poison- 
ous to microorganisms than the original substance, while their toxicity 
in mammals is not increased in the same ratio. The antiseptic activity 
of the halogenated phenols is greatest in the case of the chlorophenois, 
less in the bromophenols and least in the iodophenols. In the case or 
the monohalogen derivatives, the meta derivative is most active; the 
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ortho, the least active. Dihalogenated compounds arc more effective 
than the monohalogenated ones. Because of their insolubility the halo- 
genated phenols have found little use in medicine. On the other hand, 
the alkyl and hydroxy derivatives of phenol have largely disp'aced the 
parent compound. 

OH 



Orthocreso! 


The cresols or crcsylic acids, which nre methyl derivatives of phenol, 
have been substituted for carbolic ncid to a considerable extent. There 
arc three isomeric cresols which nil resemble carbolic acid cfosclt in 
action, and which present only minor points of difference from each 
other. Metncresol is said to be less poisonous and le*-s irritant than 
carbolic ncid, while it is credited with a more powerful antiseptic action; 
orthocresol, on the other hand, is said to be more dangerous than carbolic 
acid, and paracresol to be the most poisonous of all. But the differences 
in toxicity between the crcsols are too small to be of practical im- 
portance, and their germicidal action is approximately equal when they 
are used in suspension with soaps, as is usually the case. 

Many cases of suicidal poisoning with cresol preparations have 
occurred and have presented symptoms similar to tbo c c of carbolic acid 
poisoning-collapse and exhaustion followed bv coma and death; in 
some cases marked alterations have !>ecn found in the liver along with 
nephritis and hemolysis. Much of the cresol absorbed undergoes 
complete oxidation in the tissues, but alx>ut one-third of that ingested 
is excreted in the urine in combination with sulfuric and gh curonic 
acids. 

The crcsols are constituents of tars and othrr crude disinfectants 
In pure form they arc only slightly soluble in water, and it has l>ccn found 
necessary to form them into rmul-iom or suspendons for surgical u«r. 

A large number of these cresol preparations are available and differ 
chiefly in the way in which they arc suspended in water ( creoUn , tohcrl, 
frolutol, ly.wl). These preparations are not devoid of jx>i«nnou\ properties 
as is often stated; on the contrary they arc little if at all less dangerous 
than carbolic ncid. Their germicidal action has Ixvn overrated by «nmr 
authorities and has l»ecn denies! by others. On the whole they npfwar 
to be more powerfully ant rep tic than carbolic acid when they are u*od 
in cmubion form; their insolubility in water facilitates their pa* *age 
into the bacteria, in which they an* more Soluble, and the ctnubion 
form 1ms a further advantage os the fluid coming in contact with tl<* 
bacteria mirt always Ik? saturated with the antreptic. In spite <>f tb<-«e 
facts recent work has indicated that the dirinfertant effect on the «Un 
is not a s powerful as would be expected from the results obtained in 
the test-tul*e. 



784 


ANTISEPTICS AND DISINFECTANTS 

The cresols are used principally for disinfecting inanimate objects 
for which purpose they are cheaper and .more effective than phenol. 
Proprietary preparations arc widely advertised as vaginal douches but 
the advisability of their use for this purpose is questionable. 

Cresatin, the acetic acid ester of mctacresol is less toxic than cresol 
retaining its antiseptic and analgesic properties. It is recommended for 
application to the inflamed mucous linings of the ear, nose and throat. 

Triorthocresyl Phosphate. — In 1930 a peculiar form of flaccid paralysis (ginger 
paralysis) appeared in various parts of the United States. After a 
this was shown to be due to ’ . : . ■ . . • 

of triorthocresyl phosphate. ■ ■ .... ■ ■ * 

who gave a history of havin ■ ■' 1 . 

before the muscular symptoi . .... , ± lie * . ’’ ’ r , 

the fluid extract were merely those of alcoholic ■ . . . .’ 

times by evidences of gastrointestinal irritation. * 

of the leg muscles was noticed and 1 • nd toes. 

Paralysis of the toes followed, succcec 1 * . Weak- 
ness of the fingers and wrist-drop occ . ■ * ■ ■ 

the upper extremities w'ero never so marked ns • ■ ’■ * 

paralysis affected the -victims with all degrees of - 
to practically complete helplessness, " * ed and even 

unable to feed himself. There were 1 

Laboratory studies have shown tl can be pro- 

duced in certain species by the admi r . H .wu ui u»e murtnocresyl phosphate. 
The symptoms are especially characteristic in chickens in which flaccid paralysis 
of the legs is often followed by some weakness in the wings. In the cat and dog 
paralysis is marked in the hind legs while the fore legs mav not Hp cr» 

affected. Similar norai»»*:« • »• t 

monke, 
mony v 
was pr> 

propert 4 . ...... W4 uu. muiecuiu 

but in ..... uiwu uesyi pnosphate aggregate. Triorthocresyl phosphite and 

triphenyl phosphate resemble the triorthocresyl phosphate closely in that they 
are also neurotoxic, possessing a delayed action. However, in the case of the 
triphenyl phosphate the process is more diffuse and the paralysis, therefore, 
more generalized. In the case of triorthocresyl phosphite certain paths in the 
spinal cord are affected in addition to the peripheral motor nerves. In general 
the phenyl ester seems to affect more particularly the motor nerve cells while 
the cresyl compounds exert their action upon the myelin substance of the con- 
ducting fibers— peripherally in the case of orthocresyl phosphate and centrally 
as well as peripherally in the case of the phosphite, which produces degenera- 
tion of certain tracts in the spinal cord. The phosphoric ester is more restricted 
in its effects while the phosphorous compound is more diffuse and generalized. 


Preparations 

Cresol (17. S. P., B. P.), a mixture of the three cresols, forms a colorless or 
straw-colored fluid with a phenol odor. Soluble in 60 parts of water. Dose, 
B " " ~ ‘ ~ 

Cresol, 50 per cent, suspended 
in about 2 per cent as a surgical 

dijiiueuiaui. 

Chlorocresol (B. P.), parachlorometacresol, 6-chloro-3-hydroxy toluene. 

Chloeoxtlenol (B. P.), parachlorometaxylenol, 2-chloro-5-hydroxy-l :3- 
dimetbylbenzene. 

Liq tjor^Chlo r ox tle no lis (B. P.) f solution of chloroxylenol, roxenol. 
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5. Other Aromatic Surgical Disinfectants 

Many other members of the benzene or aromatic series have enjoyed 
a more or Jess transient reputation as surgical disinfectants and anti- 
septics, Thus Thymol (CjHjCHsCiHjOH) , obtained from oil of thyme, 
was used to a limited extent as an antiseptic lotion in ^ per cent 
solution and also as a mouth wash and gargle, but in this strength it 
is only feebly active and it is too insoluble in water to form a renllv 
effective germicide. 

Salicylic acid and sodium salicylate, which have already been con- 
sidered in an earlier chapter (p 087), were at one time used as antiseptic 
washes in surgery, and indeed promised to supplant carbolic acid for 
.this purpose as they are less irritant and less poisonous. The acid is 
destructive to the pyogenic microorganisms suspended in water but 
has much less effect than carbolic acid when proteins are present, and 
its use as an antiseptic has been abandoned in practice* by most surgeons. 

Picric acid or trinitrophenol, C6H*(NQ*)|OII, has been used as an 
application to wounds or burns in the form of a saturated watery solu- 
tion (1 per cent) on lint. It has approximately the same disinfectant 
action as carbolic acid, but enters into a more stable combination with 
proteins and is thus slightly astringent. Larger quantities are irritant 
and in some cases have given rise to gastroenteritis and nephritis; the 
skin and mucous membranes are stained yellow even when the picric 
acid is carried to them in the blood, and this coloration lias sometimes 
been confused with jaundice. Violent convulsions occur sometimes, in 
other cases, collapse. The urine is yellow or red and contains casts, but 
little albumin and no bile, the absence of the latter serving to distinguish 
the condition from jaundice; picric acid tends to destroy the red blood 
cells in animals but no marked fall in these lias been observed in man. 

It is excreted as picramic acid (CiHjOIHCIIj(XOj)j) in the urine. 

G. Mercuric Chloride and Other Inorganic Mercury Compounds 

Soon after the treatment of wounds with carbolic acid was cstab- 

” * 1 • ’ 1 „-„c nc n itinrn rvmrrflij 


and it has a more injurious effect on the tissues with which it mines 
in contact and is more poisonous when it is absorbed. A certain amount 
of mercury remains attached to the proteins of the microlx^ arid riv 
strains their reproduction even when it docs not actually hill them; 
owing to this fact corrosive sublimate has been credited with great * r 
disinfectant power than it merits, for it is found that on the complete 
removal of the mercury many of the inactive organisin'* rccouT; in 
practice its action is therefore partl.v disinfectant and partly antiwpfie. 
The symptoms of mercuric poisoning and the gen cm I action hate 
been diseased under the chapter on mercury. 

Mercuric chloride solution (1 in 2,000 to 4,000) is ti<ed extend*! fy in 
50 
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surgery to disinfect the hands, skin, and wounds, but is very irritant even 
to the unbroken skin and must not be applied to more delicate tissues. 
It corrodes steel and this precludes its use to protect instruments 
before use. It is sometimes employed in the form of a soap and to 
impregnate bandages, cottonwool, gauze, catgut, etc., but it renders all 
of these irritant and corrosive so that they should not be applied directly 
to wounded surfaces. It differs from the carbolic acid group in pre- 
serving its disinfectant powers in oils and fatty vehicles, in which it 
is only slightly soluble and which it therefore leaves readily for the 
fluids of the microbes. It also differs from carbolic acid in the fact 
that the presence of sodium chloride reduces its disinfectant action 
because it lessens the amount of the free Ilg ion. The disinfectant 
action of corrosive sublimate is much diminished by the presence of 
protein and it has less penetrating power than carbolic acid. Mercuric 
chloride dissolved in 25 per cent alcohol is more active as a disinfectant 
than when in water probably due to the fact that the dilute alcohol may 
favor the penetration of the poison. To utilize this fact it is often used 
in the form of Harrington’s Solution which consists of 640 cc. of 95 per 
cent alcohol, CO cc. of hydrochloric acid, 300 cc. of water and 0.8 gram 
of bichloride of mercury. On the other hand, mercuric chloride loses its 
disinfectant power in 95 per cent alcohol because it is not dissociated in 
the alcohol and as is well known the free ion is necessary for the disin- 
fectant property. It precipitates protein like other metallic salts and 
has a further specific toxic action on living tissue. 

Various other mercurial salts have been suggested as disinfectants, 
for example the cyanide, the periodide and potassium mercuric iodide. 
The latter is a complex salt formed by the interaction of one molecule 
of Hgl 2 with two molecules of KI. An excess of potassium iodide pre- 
vents the precipitation of mercuric iodide on standing. Several pro- 
prietary preparations of potassium mercuric iodide with the addition 
of ammonium chloride or sodium bicarbonate and a dye are available 
in the form of tablets for the preparation of antiseptic solutions in 
surgery. 

The yellow oxide of mercury is insoluble. It is used in the form of an 
ointment for application to the eye. Preparations containing in addi- 
tion small amounts of epinephrine, menthol and phenol are also available 
for the same purpose. 

Preparations 


U. S. P. 

Htdraroyri Bichloridum, mercury bichloride, a heavy crystalline white 
powder. 

Toxitabelle Hydrargybi Bichloridi Magna:. Each large tablet of the 
bichloride of mercury contains 0.5 gram of corrosive chloride of mercury. They 
are colored and are of an irregular shape in order to distinguish them from 
tablets which are intended for internal administration, these tablets being 
used only for the preparation of disinfectant solutions They form a solution 
of the strength of 1 to 2000 when one tablet is added to a liter of water. 

Toxxtabell-e Htdrargtri Bjchboridi Parvas. Small tablets of mercury 
bichloride contain on an average 0.125 gram of the bichloride of mercury. These 
tablets must be colored and of an irregular shape. 
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B. P. 

~ " * Dose, 0.002 to 0.004 gram. 

■ of mercuric chloride con- 

* ; 4 mil. contain 0.004 gram 

Phenylhydrargyri Nitras, phenylmercuric nitrate, a white crystalline 
powder, slightly soluble in water. 

7. Organic Mercurials 

In order to reduce the toxic and caustic properties of inorganic 
mercury compounds, and still retain the antiseptic action of this metal, 
a number of organic derivatives containing mercury have hecn intro- 
duced into medical practice. These have been widely used as anti- 
septics. They are usually available in the form of aqueous solutions, 
tinctures and ointments. 

The first of these compounds used as an antiseptic was phenylmercuric 
chloride but because of its insolubility this was supplanted by the more 
soluble basic phenylmercuric nitrate (merphenyl nitrate). The latter 
is a molecular compound of phenylmercuric nitrate and hydroxide— 
CellJIgNOj CsHsHgOH. Other phenylmercuric compounds used as 
antiseptics are phenylmercuric (merphenyl), borate and phenylmercuric 
(merphenyl) picrate. These are used as tinctures for application to the 
skin. 

Merbromin or mercurochrome was originally introduced for intravenous 
as well as local use. It is the disodium salt of 2,7-d*brom-4 hydroxymer- 
curifluorescein. It is only moderately active ns an antiseptic but is 



non-irritating nnd when applied to the skin, mucous membranes or 
wounds exerts bacteriostatic and bactericidal action. It is slower 
acting than the tincture of iodine but has a more prolonged bnctcriostntie 
action than the latter. It is u«cd either as a 2 per cent aqueous ‘oJutinn 
or in an aqueous nlcohol-aectonc solution (Mirpicnl solution of mer- 
bromin). The latter is u«ed for preoperativc skin disinfection. 

A 1 per cent aqueous solution of merbromin may f>e applied to the 
mucosa of the bladder, renal pelvis and urethra. It should not !>e ad- 
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ministered intravenously ns this may be followed by severe toxic symp- 
toms. 

Merthiolate, the sodium salt of ethyl mercurithiosalicylate, is germi- 
cidal for many non-sporulating bacteria and is also fungicidal, but like 
the other organic mercurials available cannot always achieve steriliza- 
tion especially if spore-forming organisms are present. 


O SHgGH, 

COONa 

Merthiolate 


In addition to its use ns a local antiseptic and disinfectant, merthiolate 
is used in a concentration of 1 : 10,000 as a preservative of biologicals. 
For application to the denuded skin or wounds and for the disinfection 
of instruments a 1 : 1,000 aqueous solution is recommended. For appli- 
cation to mucous membranes more dilute aqueous solutions arc used: 
in the eye, 1:5,000 to 10,000; nose, 1:2,000 to 5,000; urethra, 1:5,000 

to 30,000. , 

Metaphen, the anhydride of 4-mtro-3-hydroxy-incrcun-or(/io cresol is a 
relatively non-toxic, non-irritating antiseptic. Aqueous solutions of 
the drug are prepared with the aid of sodium hydroxide which opens 
the anhydride ring with the formation of the sodium derivative. 


CH, 



NO, 

Metaphen 


For disinfection of instruments and for application to the skin a 
solution of 1 : 1,000 to 5,000; for irrigations of the eye or urethra, a solu- 
tion of 1:5,000 to 10,000 is used. 


8. Silver and Other Metallic Disinfectants 

The salts of several other metals have been used as disinfectants and 
antiseptics. Silver nitrate is the most important o* these and plays 
a large role in the treatment of infections of the mucous membranes, 
especially that of the eye. This disinfectant action is accompanied 
by intense irritation, but' silver nitrate has very slight powers of pene- 
tration because it is rendered insoluble and therefore inactive by the 
chlorides of the tissues. Silver nitrate is used in solutions of 1 to 2 per 
cent as a disinfectant in infectious ophthalmia, or in more dilute form 
(1 in 200 to 400) for more frequent application. It has also been used as 
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an injection in gonorrhea] infection of the urethra in the strength of 
1 in 500 to 2,000, and in various other conditions. General poisoning is 
unknown from this use of silver, but its intensely caustic action and the 
. limited extent to which it penetrates have prevented its wider employ- 
ment. This irritant action of the nitrate has led to the introduction of 
various organic compounds (see Silver, p. 131), which are less dissociated 
in solution and thus are less corrosive. But these lose their disinfectant 
power in the same ratio as they become less irritant, for the tissue 
destruction arises from the same factor as the disinfectant action, the 
free silver ion. The effects of silver after absorption have been dis- 
cussed, but it may be mentioned again that long continued use of any 
silver preparation even locally may produce argyria, in which the skin 
assumes a metallic dusky discoloration due to the deposition of the 
metal in the epidermis. 

Colloidal silver preparations are used where it is desired to avoid the 
irritation, pain, astringenev and corrosive action of silver nitrate. These 
consist of variable mixtures of metallic silver, silver oxide, and silver 
protein complexes in colloidal form. On solution in water a colloidal 
solution is formed in which so few free silver ions arc present that chlo- 
rides or proteins arc not precipitated. 

The available preparations of colloidal silver arc of five general types: 
(1) protein silver, strong type, (2) protein silver, mild type, (3) collargol 
type, (4) electric type and (5) silver halides. Protargol is an example 
of protein silver, strong type. This group manifests the strongest 
germicidal action but is mildly irritant. Protein silver, inild type, con- 
tains two to three times as much silver as the strong type but is less 
irritant than the latter. Among the proprietary preparations of this 
group are argyn, cargentos, silvol and solargentum. The collargol 
type contains about 78 per cent of metallic silver reduced to colloidal 
form and stabilized with denatured proteins. The silver halides con- 
sist of mixtures of silver halide salts with suitable diluents. Unlike the 
other colloidal silver Solutions which arc brown, these arc colorless. 
Lunasol and neosilvol are typical proprietary preparations of this group. 

The above described colloidal silver compounds arc used principally 
as mild antiseptics on mucous membranes. The strong protein silver 
group is used in concentrations varying from 0.1 to 10 per cent; the 
mild protein silver in 5 to 50 per cent and collargol in 0.02 to 1 per cent 
solution. 

Among other silver salts u«cd as antiseptics may be mentioned silver 
lactate .and silver picrate. The introduction of the sulfonamide and 
antibiotic drugs has largely displaced these ns well ns other silver prepara- 
tions from their former importance. 

Among the other metallic compounds lin'd ns antiseptics may lie 
mentioned basic bismuth subnitrate which is used in the form of "surgical 
bismuth paste” comprised of 1 part of Hi. VO, jn 2 parts of yellow petro- 
latum. Bismuth tribromphenate (xeraform), a basic bismuth salt of 
trihromphenol of variable compo>ition is used as a powder, lotion or 
ointment for external application. 
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U.S.P. 

Argentum Protewicum Porte, strong protein silver, contains about g per 
cent of silver. It is a brown, odorless powder. Solutions should be freshly 
prepared and kept in amber-colored bottles. 

Argentum Proteinicum Mite, mild protein silver, contains about 20 per 
cent of silver. 

B. P. 

Argentoproteinum, silver protein, contains about 8 per cent of silver. 


9. Oxidizing Disinfectants 

Peroxide of Hydrogen.— Hydrogen peroxide or dioxide (H 2 0 2 ) tends 
to break down into water and oxygen very rapidly in the presence of 
many substances, which in themselves may be either oxidizing or reduc- 
ing. Among the bodies which induce this decomposition are the peroxi- 
dase ferments, which are found in all forms of living matter, and the 
peroxide of hydrogen is therefore decomposed when brought in contact 
with the tissues; the oxygen thus liberated tends to oxidize its surround- 
ings and its chief effects are therefore due to its oxidizing properties. 
It is generally met with in dilute solution in water, and in this form 
alone is used in medicine. A concentrated solution corrodes the skin, 
leaving a white eschar. Brought in contact with the skin, peroxide of 
hydrogen solution is decomposed, and numerous bubbles of oxygen are 
formed, but this decomposition proceeds much more rapidly when it is 
applied to denuded surfaces or to mucous membranes. The oxygen is 
formed in such quantity that some irritation may follow, and thus dogs 
often vomit when it is administered in quantity by the mouth. When 
it is injected subcutaneously, a large amount of oxygen is formed in the 
subcutaneous tissue, but some of the peroxide escapes decomposition 
and is absorbed into the blood. Here the decomposition proceeds more 
violently, the red blood cells having a strong catalytic action, and the 
oxygen set free may cause emboli and lead to sudden death. The forma- 
tion of emboli is seen most frequently in the rabbit, but was in all 
probability the cause of death in one case of fatal poisoning in man, in 
which a solution of hydrogen peroxide had been used to wash out the 
pleural cavity. Hemiplegia has been observed following its use for this 
purpose, apparently from embolism of the cerebral arteries. Emboli 
are not formed in the dog on hypodermic injection, nor in either dogs or 
rabbits poisoned by the stomach— in the latter case probably because 
the liquid is more slowly absorbed and is almost entirely decomposed in 
the mucous membrane. Even in the blood and tissues the whole of the 
peroxide is not decomposed, for several observers have found traces of it 
excreted in the urine. 

The catalysis of hydrogen peroxide occurs in the lower forms of life 
as well as in the higher. Thus germinating seeds, yeast, infusoria and 
the microbes all free oxygen from the solution, and in fact, a rough 
estimate of the number of microbes in water may be formed from the 
amount of oxygen given off by it on the addition of the peroxide (Gott- 
stein). This decomposition is fatal to most of these lower forms, from 
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the nascent oxygen* and peroxide of hydrogen is therefore a powerful 
disinfectant in water, a 3 per cent solution proving as strongly bacteri- 
cidal as n 1 per mille solution of corrosive sublimate; but when the 
microbes are contained in a medium with much organic substance, 
as in wounds, the bactericidal action is very much reduced. This appears 
to be due to the too rapid decomposition of the peroxide, which escapes 
as bubbles of oxygen, comparatively little oxidation taking place. 
This may be exemplified by its action on the blood; when normal blood 
in a test-tube is treated with peroxide it froths up and the oxygen 
escapes, leaving the blood unaltered l(. however. -ome hydrocyanic 
acid has been added to the blood some time previously «o ns to weaken 
the ferment, there is little or no effervescence and the hemoglobin is 
changed to methemogfobm by the peroxide remaining and freeing its 
oxygen more slowly Tin* peroxide therefore oxidizes most powerfully 
when it is slowly decomposed, while the rapid action of the ferments 
tends to dissipate the oxygen in the molecular form which has com- 
paratively slight oxidizing and disinfectant powers 
Other peroxides used in medicine arc 'odium peroxide (Xn •().-) which 
is applied as a paste in acne or ns a -oap to remove comedones, and zinc 
peroxide (ZnO.O used in the form of a cream for application to wounds. 
Aqueous suspensions of ZnO*, activated by heating, are particularly 
useful in infections causer! by' micro-acrophilic or nncrobic organisms 
Therapeutic Oses.— Hydrogen peroxide is u-cd locally as a disinfectant. 

In pus ra\itics the oxygen is freed with great ran*' 11 '; Peroxide «o!u<* 
tions differ from most other dM* , '"‘* * * ** urat'um of the 

action, which •! * . : * In addition 

to its nucroh ’ * ’ gmt uxi-ens and destroys ma^n 

of infected n ‘ «.« me mechanical efTect of the lilwmtion of the 
gas, nml the wound or cavity is thus cleaned by it more jvrfcctly than 
by washing with ordinary disinfectant eolation* Most surgum* l*Jic\r 
tfmt this me< hanicni notion b of more importance than the direct 
germicidal effect Tlic solution has Ix'cn recommended for ter in oph- 
thalmic practice, and for this purpo-e may lx* diluted one half. 

Peroxide ha- Iwcn iced to de-troy the bacteria of drinking waft r and 
10 to Jace of the pliannacopcial solution is found to reduce the harfirin 
in a lifer of water more than one hundred firorv fllmiit twin* n* much b 
required to base the same effect in milk 
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Other Oxidizing Disinfectants S«mc o!«hr di-mfcrjants aho owe 
their pnwir- to ]ibr.i(rii oxygen. m»d aiming tlr*** that m*«*t largely 
employed p the IVrnnymv tf /'»'»«•'« 

When a m button *>f thi» -alt m contact with t-V"*r.!.- rti'xtt*'*'. 
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such as albumin, the permanganate at once parts with some of its 
oxygen, which attaches itself to the albumin. Permanganate is thus 
poisonous to protoplasm, not through the presence of the whole mole- 
cule, but in consequence of the oxidation of the proteins. As soon as 
the permanganate is reduced, it of course loses this action, so that the 
oxidizing effect is limited to the skin and the surface of the mucous 
membranes. Concentrated solutions irritate and even corrode the skin, 
and induce gastro-enteritis when swallowed. Permanganate solutions 
are disinfectants of considerable power, owing to their oxidizing bacteria 
and thus destroying them. They fail to penetrate deeply in an active 
form, and this renders them of less value than many other disinfectants, 
except in very superficial infection. 

Therapeutic Uses.— -Permanganate is used for its disinfectant and 
deodorant action, as an application to gangrenous ulcers and cancerous 
sores. In dilute solution it may be used as a gargle and mouth wash 
(| per cent), to disinfect the hands (1 per cent), which it stains brown, 
and for other similar purposes. It was formerly widely used for irriga- 
tion of the urethra in gonorrhea. The stain on the skin may be removed 
by lemon juice or vinegar. 

It has been recommended in poisoning with phosphorus, prussic acid, 
morphine and other alkaloids, on the theory that these poisons are 
oxidized by it in the stomach, and thus rendered harmless. But per- 
manganate also oxidizes the gastric mucous membrane, and it has not 
been shown that it attacks morphine in preference to the proteins; the 
treatment is certainly less reliable than the use of the stomach tube; 
permanganate has of course no action on morphine after absorption. In 
snake-bite, permanganate has been used to wash the wound and also to 
inject around it; it has no effect upon the poison already absorbed. 

Potassium permanganate has proved to be of value in the dermatitis 
'due to poison ivy. For this purpose it is used in rather strong concen- 
trations, 3 per cent solutions sometimes being effective where weaker 
strengths have failed to give relief. The best results are obtained by 
first applying a 3 per cent solution of sodium bicarbonate to the affected 
area and after this»has dried applying the permanganate solution. 

Condy’s Fluid is a strong solution of impure permanganate, which 
is used to disinfect and deodorize urinals and feces, but must be poured 
on them, and cannot be employed to disinfect rooms. 

Preparation 

Potassii Permanganas (U. S. P., B. P.) (KMnOi) forms slender crystals of 
a dark purple color and a sweetish, afterward disagreeable and astringent taste, 
soluble in 16 parts of water, reduced by alcohol and other organic bodies. Dose 
B. P., 0 06 to 0.2 gram. 


10. Boracic Acid and Borax 

Boracic or boric acid (BfOHh) is a very weak-acid, and it is doubtful 
whether the hydrogen ions or acidity play any part in its action, or 
whether the whole is not to be referred to the rest of the molecule. 
The ordinary sodium compound, borax, NajB 4 O 7 , is stated by some 
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.authors to be equally active, but is alkaline in reaction, so that the 
exact relative importance of the two ions of boric acid cannot be deter- 
mined. Boracic acid and its sodium salt have some antiseptic power, 
for in 2\ per cent solution almost all forms of bacilli stop growing; 
but they ore not destroyed, even the delicate anthrax bacilli being 
found capable of further growth after exposure to a 4 per cent solution 
for twenty-four hours. Boracic acid is therefore valueless as a disin- 
fectant, but has been used as an antiseptic dressing; it has the advantage 
over many other antiseptics of inducing very little irritation and of 
being only slightly poisonous, but experience has shown that it cannot 
be used with impunity in very large quantities. 

Toxicity.— Boracic acid and borax are only feebly toxic, but large 
quantities taken by the mouth cause gastric and intestinal irritation, 
as is evidenced by vomiting and purging, and even smaller amounts 
are said to act as mild aperients in some cases. Not infrequently 
repeated small doses of boric acid have induced albuminuria, especially 
in persons predisposed to it. 

Boracic acid has been widely used as an antiseptic dressing and also 
internally, and a number of cases of serious poisoning have been recorded 
from its absorption. The symptoms arose in part from the alimentary 
canal: uneasiness in the abdomen, vomiting, diarrhea, dryness of the 
throat, and difficulty in swallowing; sleeplessness, great muscular weak- 
ness and depression, dimness of sight and headache were also complained 
of, and in severe cases collapse and death followed. The prolonged 
use of boric acid, internally or externally, lias repeatedly led to falling 
of the hair, eczema, and psoriasis. Papular eruptions are common in 
cases of [ ’ ’ ’ ’ • ’ * *’ ’ 
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followed closely by the liver. 

Boracic acid and borax are excreted in the urine, in which they 
appear within a few minutes after ingestion; over half the quantity 
taken is excreted within twelve hours, but afterwards the elimination 
proceeds more slowly, so that traces may be found in the urine for 
five days or more; the urine becomes alkaline after sufficient amounts 
of borax, as after any other alkaline preparation. 

Therapeutic Use.— Boracic acid has been used ns a surgical antiseptic 
in solution (4 per cent), ointment, or on lint, and the solution of the acid 
or of borax is also used as a wash in aphtha: and other forms of irritation 
of the mouth. Boracic acid solution is frequently used in ophthalmic 
surgery, ns facing less irritant to the eye than the more powerful anti- 
septics. Boracic acid and borax have also in the past been added to 
milk or other food as preservatives but modem methods of food con- 
servation no longer countenance such adulteration. 

Poisoning with boric acid, often with fatal consequences, has followed 
the use of boric acid powder in wounds, the application of the ointment 
to the denuded skin, the solution into the body cavities, and accidental 
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administration, of the drug by injection or in infants’ food. In view of 
its relatively feeble antiseptic properties and the availability of more 
potent antiseptics it probably deserves to be relegated to the limbo of 
outmoded remedies. 

Preparations 
U. S. P. 

Acidum Boricum, boric acid, colorless crystals with a faintly bitter taste 
soluble to about 5 per cent in water or in alcohol, and to about 25 per cent in 
glycerin. 

Glyceritum Boroglycerini, contains 31 per cent of boric acid in glycerin. 

Ung uentum Acror BoRrcr, ointment of boric acid, contains 10 per cent of 
boric acid. 

Sodii Boras, sodium borate or borax, contains about 54 per cent of Na*B«(b, 
corresponding to not less than 99 per cent of the crystallized salt (12 gr.). 

B.P. 

Acidum Boricum, boric or boracic acid (H a BOi). Dose, 0.3 to 1 gram. 

Glycerinum Acidi Borici, contains about 30 per cent of boric acid in glycerin. 
Dose, 0.6 to 2 mil. 

Unguentum Acidi Borici, contains 10 per cent boric acid in paraffin oint- 
ment. 

Borax, sodium borate, colorless crystals with a sweetish alkaline taste. 
Soluble in water to the extent of about 6 per cent giving the water an alkaline 
reaction. Dose, 0.3 to 1 gram. 

Glycerinum Boracis, contains 12 per cent of borax in glycerin. Dose, 2 to 
4 mil. 

Mel Boracis, contains 10 per cent of borax in honey and glycerin. 

11. Potassium Chlorate 

The chlorate of potassium introduced into therapeutics on the erro- 
neous theory that it would supply oxygen to the tissues, has been used 
very extensively for its effects in certain diseases of the mouth. It 
was supposed to be entirely devoid of poisonous properties, but may 
give rise to very grave and even fatal symptoms in some instances. 
But the conditions which determine their appearance are not universally 
present, for very often large quantities have been taken with impunity. 

Symptoms.— The chlorates have a cool, saline taste, which persists 
for a long time owing to their being excreted in part in the saliva. 
Concentrated solutions may cause nausea and vomiting from their 
local salt-action in the stomach, and their absorption is often followed 
by considerable diuresis from a similar action in the kidney. In the 
great majority of cases no further effects are observed. 

In some individuals, however, symptoms arise from a single large 
dose, or from smaller quantities taken repeatedly. In Acute Chlorate 
Poisoning, the first symptom is often prolonged and violent vomiting, 
with pain in the stomach region; diarrhea and a dark cyanotic color 
of the skin and mucous membranes follow, the respiration is at first 
dyspneic and then weak, the pulse quick and feeble, sometimes irregular. 
The patient complains of headache, giddiness and muscular weakness 
is restless, and eventually becomes comatose before death. 
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In Subacute Poisoning, vomiting and diarrhea are .also observed, 
and the vomited matter often contains large quantities of bile, less 
often blood. Tiiere may be complete anuria for some time, or the 
urine is scanty^ and at first dark colored, then deep reddish-brown; 
it contains hemoglobin, methemoglobin, and hematin in solution. 
On standing, it deposits casts of brown amorphous particles, which 
arise from the destruction of the red cells of the blood, and chlorates 
are contained in it in considerable quantity. The methemoglobin 
may disappear from the urine after one or two days, but the casts 
remain longer. The skin is often icteric in color, and in some cases 
erythematous eruptions have been observed. Headache, muscular 
weakness and abdominal pain are complained of, and uremic symp- 
toms may arise— delirium and convulsions, or confusion and coma. 
Death has followed from these last as late as a veek after the first 
symptoms of poisoning were observed, but in several cases complete 
recovery has followed even the gravest symptoms. 

Tl— UlA MnnJ Ahnnira, gnr) ( nrmofinn nf mntliamn. 


Frequently it only appears very late, even when the animals are moribund. In 
case of death the kidney activity previous to death is more or less completely 
inhibited while survival is dependent upon immediate^ and continued diuresis. 


* Chlorate has little or no direct effect on the central nervous system or the 
circulation, though these are secondarily affected by the asphyxia and renal 

^Ver^iittle chlorate is reduced in the blood and tissues, for 00 to 90 per cent 
of theamount administered has been recovered from the urine. Small quantities 
appear also in the saliva and in other secretions, such as the perspiration, milk, 
tears and nasal mucus, and some has been found to pass from the mother to the 
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The action of the Perchlorates has been examined by Kerry and Rost. In 
the frog the perchlorate of sodium (NaClOO induces fibrillary twitching and 
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tetanic convulsions may arise from this action; in the cat a certain stiffness, 
muscular paresis and tremor can be made out after the injection of large quan- 
tities of perchlorate, but these animals as well as the rabbit and dog are not 
easily killed by it. - 

Therapeutic Uses. — The chlorate of potassium is used chiefly as a 
mouth .wash and gargle in irritated conditions of the mouth and throat, 
such as aphthae, and in the tenderness and ulceration of the gums and 
mouth induced by the prolonged use of mercury. It may also be given 
as a prophylactic to lessen stomatitis when mercury is being prescribed. 
In catarrh of the throat it is often used with apparently good effects. 

It is used in 2 to 4 per cent solution. In children a somewhat stronger 
solution with syrup or honey may be used to brush out the mouth, but 
care should be taken that none is swallowed. The local action of the 
chlorates has not been explained, and it may be due to the salt-action 
in part, though not wholly and it »is not impossible that equally satis- 
factory results might be obtained by the use of the chlorides or nitrates. 

Poisoning.— The fatal dose of chlorate varies extremely, as little as 
1 gram having proved fatal in a child, while 40 to 50 grams have been 
swallowed by adults without marked symptoms. Chlorate poisoning 
is now very rare; it is said to be more liable to occur in nephritics than 
in normal persons. As a general, rule symptoms appear only two to 
three hours after the drug has been taken, and the treatment is purely 
symptomatic— central nervous stimulants, ice for vomiting, etc.; 
alkalies may be given and diuretics and large amounts of fluid to flush 
out the kidneys. 

Preparations 
B. P. 

Potassii CnLORAS, potassium chlorate, colorless prismatic crystals with a 
saline taste. The dry salts form explosive mixtures with organic or other reducing 
substances, and such mixtures are therefore to be kept cool, and ought not to 
be ground together, as heat and pressure are liable to cause explosions. Dose, 
0.3 to 0.6 gram. 

Tabelm: Potassii Ciiloratis, tablets of potassium chlorate. Dose, 0.3 to 
0.6 gram. 

12. Iodine 

Iodine is widely used to disinfect the skin before operation, as it is 
found to penetrate readily into the pores and has a powerful germicidal 
action. Its irritant effects preclude its more general use. It is generally 
employed in the strength of to 5 per cent in 10 per cent potassium 
iodide solution or in alcohol, and is painted on the site of operation a few 
minutes before the incision is made. 

A solution which is recommended as being relatively non-irritant and 
yet efficient as a germicide, contains 2 per cent of iodine and 2.4 per cent 
potassium iodide in 50 per cent ethyl alcohol. 

Preparations 
U. S. P. 

Tinctora Iodi. Tincture of iodine contains 7 per cent of iodine and 5 per 
cent of potassium iodide in about 85 per cent alcohol- 

Tinctdra Iodi Mitis. The mild tincture of iodine contains 2 per cent of 
iodine and 2.3 per cent of sodium iodide in diluted alcohol. 
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B. P. 

Liquor Iodi Fortis. The strong tincture or solution of iodine contains 10 
per cent of iodine and 6 per cent of potassium iodide in approximately SO per 
cent alcohol. 

LiQuon Iodi liras. The weak solution or tincture contains 2.5 per cent of 
iodine and 1.5 per cent of potassium iodide in approximately 85 per cent alcohol. 

Liquor Iodi Simplex. The simple solution of iodine contains 9 per cent of 
iodine in 95 per cent alcohol. 

13. Iodoform 

A number of iodine compounds have been introduced into therapeutics 
as applications to wounded surfaces. The most widely knoun of these 
is Iodoform (CHIj), which corresponds in its chemical structure to 
chloroform, and was formerly used very extensively in surgery and gave 
rise to poisoning repeatedly. It has gradually fallen into disrepute and 
is little used today. 

Iodoform has no marked Local Action, on the skin or mucous mem- 
branes. Some persons have a special idiosyncrasy for it which betrays 
itself in an eruption developed in the skin near where iodoform has been 
applied. It seems to have some anesthetic action when applied in large 
quantity to wounded surfaces. 

Toxicology.— The symptoms of iodoform intoxication in man generally 
set in with anxiety, general depression and discomfort. The patient 
becomes sleepless and restless, complains of giddiness and headache 
and often of the taste and odor of iodoform in the mouth and nose. 
The pulse is generally greatly accelerated, and a rise of temperature is 
said to have occurred in some cases in which no septic poisoning could 
be found to account for it : — j 

accompanied by hallucina 
delusion of persecution, wl 

a general rule this melancholia is followed by attacks of violent delirium 
and mania, lasting for hours or days, and in fatal cases, by collapse and 
death. In other cases the condition has passed into permanent insanity 
and dementia. A rarer result of the absorption of iodoform is deep sleep 
passing into stupor and collapse without any symptoms of Cerebral 
excitement. 

In milder cases of poisoning the patient suffers only from the unpleas- 
ant taste and odor, from headache and not infrequently from nausea 
and vomiting. 

In the dog and cat iodoform generally causes deep sleep and stupor, 
with lessened excitability of the spinal cord and of the motor areas of 
the brain; but after large doses excitement and convulsions of clonic 
and tonic types have been observed. In the frog it paralyzes the central 
nervous system and the heart without eliciting any symptoms of excite- 
ment. No narcosis is observed in the rabbit even after fatal doses. 
After prolonged administration albuminuria is often observed in animals, 
and the iodine of the thyroid has been found to be increased by iodo- 
form, ns by other bodies which free iodine in the tissues. 

After fatal iodoform poisoning in man and animals, the liver, kidney, 
heart, nnd muscles are generally found to ha\e undergone fatty degenera- 
tion. In addition, irritation of the gastric and intestinal mucous mem- 
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hrnnc I ms been observed, and the epithelial cells are often degenerated.^ 
Ecchyraoscs occur beneath the endocardium, in the kidney, and else- 
where; and congestion of the meninges is described. • 


Absorption and Excretion.— Iodoform is rcadilj' decomposed in the presence 
of alkaline fluids and in protein solutions, and some decomposition undoubtedly 
takes place in wounds: the iodine liberated combines with the alkalies of the 
fluids to form iodides, lor these have been shown to be present, nnd iodnlbumi- 
nates arc presumably formed in the same way as by free iodine. Some of the 
iodoform is perhaps absorbed unchanged. After iodoform absorption, iodine 
has been shown to be presen t in the saliva, perspiration, and bronchial secretion, 
as after the ingestion of iodine or iodides; but it is chiefly excreted in the urine 
in the form of iodides nnd partly in organic combination. The tissues apparently 
retain it very tenaciously, for iodides have been .found in the urine for more 
than a month after the administration of iodoform. 

Iodol or tetraiodopyrrol (C 4 I«NII), which has no odor or taste, is insoluble 
in water, but is absorbed from mucous surfaces nnd from wounds. It is decom- 
posed in the tissues, nnd leads to the excretion of iodides in the urine, and in 
very large doses gives rise to symptoms in nnimals resembling those produced 
by iodoform. Iocamfen is a liquid mixture of iodine, phenol and camphor. It 
combines the antiseptic properties of iodine with the analgesic nnd stimulating' 
effects of phenol nnd camphor. 

Dusting Powders containing iodine have also been recommended as sub- 
stitutes for iodoform for the application to wounds, abscess cavities, granulating 
surfaces, etc. They avoid the odor of iodoform and arc less toxic but also lack 
its activity. What value they possess is probably due to their acting as absorbent 
powders. Among these preparations may be mentioned the iodine derivatives 
of thymol (aristol); of quinoline (lorctin and vioform); of phenolphtlialein (noso- 
phen, antinosine, eudoxine); and of cresol (losophan, europhen). 

Therapeutic Uses.— Iodoform lias been chiefly employed in surgical 
treatment as an application to wounds, skin diseases, bums, granulating 
surfaces with a profuse secretion, nnd in slowly healing abscess cavities. 
It may be applied as a dusting powder, as an ointment, or in gauze or 
bandages saturated with it. It lias been shown that it 1ms very weak 
antiseptic properties, and many surgeons take the precaution of disin- 
fecting the powder before applying it, and use it for its effect on the 
tissues of the wound and not for its effects on the germs. Applied in 
ordinary quantity to small surfaces it seems to be a perfectly safe remedy, 
cases of poisoning occurring only when large cavities are treated with 
it, or when it is applied to very large absorbing surfaces. 

Preparations 
U. S. P. 

Thymous Iodidum, thymol iodide, aristol (C*Hi.CHj.C s H *.01) i, a yellowish 
brown powder; tasteless, odorless, insoluble in water and containing not less 
than 43 per cent of iodine. 

B. P- 

Iodofobmum, iodoform, small, lemon-colored crystals, possessing a ve;y 
penetrating, persistent, and disagreeable odor and taste, practically insoluble in 
water, soluble in alcohol, ether, fixed oils, glycerin, etc Dose, 0.03 to 0.2 gram. 

Octjlentum Iodoformi. The iodoform ointment for the eye contains 4 per 
cent of iodoform. 

Suppositorium Iodoformi. Each suppository contains 0 2 gram of iodoform. 
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14. Chlorine Preparations 

The disinfectant action of many organic substances is intensified when 
chlorine' is substituted for hydrogen; for example, chlorphenol is more 
powerful than carbolic acid. This is not owing to chlorine being freed 
from the molecule, but from the same chemical property which renders 
trichloracetic acid a more readily dissociated and therefore stronger acid 
than acetic acid. 

But several chlorine compounds have been introduced as disinfectants 
which owe their value to the chlorine liberated b\ them. Chlorine 
itself is a powerful poison to all living matter, including the bacteria, 

, and has been used for the disinfection of water and inanimate objects. 
It cannot be employed in surgery, owing to its intense irritant action, 
and volatility. Compounds which give ofT chlorine more slowly than 
the solution have therefore been introduced, solutions of sodium hypo- 
chlorite have been largely employed to irrigate septic rounds (Kvsol 
or Dakin's solution) and have proved highly efficient as disinfectants. 

Dakm’s solution is prepared by adding chlorinated lime to a solution 
of sodium carbonate and after filtration of this solution boric acid is 
added. The solution, which is nearly neutral, should contain between 
0 45 and 0.5 per cent of sodium h> po chlorite. Eusol, made by adding 
boric acid to a solution of chlorinated lime, contains the equivalent of 
0.27 per cent of hypochlorous acid. 

As the chlorine escapes the fluid becomes slightly alkaline but it is not 
strongly irritant. It penetrates well as it docs not precipitate proteins, 
and it dissolves necrotic tissue and pus .to some extent. 

A firmer combination is met with in the chtoramincs, in which the 
chlorine is attached to the nitrogen of an organic molecule. The best 
known of these is the chloramine-T ( Chloramina ) of Dakin, a toluene 
derivative of the formula, (CIIs)('elI*SO : NNaCl, containing about 
12,5 per cent of active chlorine This chloramine is a white crystalline 
substance smelling faintly of chlorine, nnd is mod in 1 to 2 per cent 
solution in water for the same purposes as hypochlorite solution, csjkv 
cinily on wounds as an irrigating fluid nnd ns a mouth wash. It is 
more stable than the hypochlorite, docs not dissolve necrotic tissue in 
the same wav, nor become alkaline, nor does it give up its chlorine so 
rapidly ; it is less irritant to the skin surrounding the wound. 

DieWoramine-T, Paratohicnosulphondicldoramidc, con*- 1 - f is 
to 30 per cent of active chlorine. T 1 '" • ,t 

insoluble in water bu* Jc *■ *’*.•' •;* ’ * " 1 * - ; *' ... 

It is nix acti\c genr ,* ■ . . d action It is 

more irritant than cl ■ ■ - . ,..'o more *«>Umt. 

Dichloramine dissolved m chlorinated paraffin may !*• u*ed for naso- 
pharyngeal work in n 1 to 2 per cent solution, on wounds a .» j *r n»t 
solution is u*cd. Such dilutions are not \tr\ 'table nnd *houM nut lx* 
kept for more than two or three days 

Cbloroarodm or nroch lorn mid B only *IowJv hydro h red an<{ Inner i* 
claimed to have n more prolonged action than the Chloramine* It t* 
UMxl in a dilution of 1 : 3,000 dh«ofvrd in i«ot«nic •nlin«* buffi red at 
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pH 7.4. For application to mucous membranes dilutions of 1 : 13,200 
arc used. It is also used ns a constituent of dressings and packings for 
application to wounds and mucous membranes. 

HjN—C— Ne»N— O— Nib 

ia Ac. 

Chloroazodin 

Hyclorito, a solution of chlorinated soda, sodium chloride and calcium 
hydroxide has seven times the available chlorine content of surgical 
solution of chlorinated soda. After proper dilution it is used like the 
latter. 

Therapeutic Uses. —Hypochlorite solution, chloraininc-T, dichlorn-- 
mine-T, and the other organic chlorine derivatives are used for the i 
irrigation of infected wounds. They owe their activity entirely to the 
chlorine which they liberate and which is a general poison to all living 
matter, but if they are properly applied, the action on the microbes more 
than makes up for their tendency to damage the tissues of the host. On 
the other hand their use is necessarily limited to local infections. 

PREPARATIONS 

u. s. P. 

Liquon Soon Hypochloritis, solution of sodium hypochlorite, contains 
about 5 per cent of NaOCl. It is not suitable for application to wounds but is 
diluted with water and made neutral with sodium bicarbonate forming the 

■ . • T.t-- — . .» !•-, -t , 

■ ■ ‘ ' ■ ' , : ■ ■ 

. . ‘ ( ' ■ 

B. P. 

.Liquon Sode: Chlorinate: Ciiirurgicalis. Dakin’s solution. Contains 
between 0.5 and 0.55 per cent of available chlorine. 

Chloramina. Chloramine-T. Chloramine is sodium p-tolucnesulphonchlora- 
mide. 

15. The Antiseptic Dyes 

The dyes which are used for their local antiseptic action belong to 
four classes of synthetic organic compounds: (1) the azo dyes; (2) the 
acridine dyes; (3) the fluorescein dyes, to which mercurochrome, which 
has already been considered, belongs; and (4) the triphenylmethane or 
rosaniline series. 

Azo Dyes.— The Azo dyes contain the — N :N — linkage. Scarlet red 
or Scarlet R which is the oldest member of this group comprises toluyla- 
zotoluylazo betanaphthol (Biebrich or Scarlet red medicinal) and scarlet 
red sulfonate which is the sodium salt of azobenzene disulfonic acid. In 
addition to these, dimazon (diacetylamino-azotoluene) has similar 
actions and is used for the same purposes as the scarlet red compounds. 

These compounds are claimed to have a stimulating effect on the 
proliferation of epithelial cells and hence are used to promote the growth 
of epithelium in the treatment of denuded areas of the skin. They are 
usually applied in the form of ointments. Dimazon is also available in 
the form of a dusting powder. 
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. The Acridine Byes— Acriflavine and Proflavine. —Acriflavine was 
introduced by Ehrlich in 3&J2 as having therapeutic properties in 
trypanosome infections It was therefore called trypaflavine, but the 
name was inter changed to acriflavine. It is a derivative of acridine, a 
coaJ-tnr base, being diammo-niethylacridinium ciiioride hydrochloride, 
wtiiJe the base is often known as neutral acriflavine. Pro flavin or pro- 
flavine sulfate differs from acriflavine in not possessing the methyl 
group attached to the nitrogen. 



N 

Acridine 


Tliese flavines or ncridme dyes have been siioivn to possess consider- 
able antiseptic and bactericidal properties, and on this account they 
have been introduced into medical and surgical practice as wound and 
surface disinfectants. They have a relatively low degree of toxicity 
and are comparatively free from local irritant properties. Acriflavine 
is apparently more active than proflavine, but it acts more slowly. 
Acriflavine base is particularly recommended where freedom from irri- 
tation is desirable, such as might be, produced by the acid reactions of 
acriflavine hydrochloride or proflavine solutions. 

Neutral acriflavine administered orally is eliminated in the urine, 
giving it a yellow fluorescence and exerting an antiseptic action in the 
urinary tract which begins in about two hours and may last eight 
hours. It is more marked in an alkaline urine, so that sodium bicarbo- 
nate is frequently given at the same time. Gastric distress mav 
if the use of the drug is prolonged. 

A series of related acridine ' * i 

to exert • 

proflavine j 4 -- 

Proteus an ~vui used for irriga- 

tion of sep 

Therapeu. , — i'he acridine derivatives are used in a large variety 

of conditions in which an antiseptic or disinfectant is required, particu- 
larly in the case of organisms not susceptible to the sulfonamides. For 
wounds a strength of 1 to 1 ,000 is used m physiological salt solution, 
which may be applied by swabbing or as an irrigating fluid, and if 
desired the wound may be packed with gauze saturated with this solu- 
tion. Evaporation should be prevented by the use of a protective 
dressing. Fresh wounds may be freely irrigated with the solution, 
and some being left in the wound, it may be closed and be permitted 
to beak 

In urethritis a dilute solution— 1:4,000 or 0,000 may be used as an 
irrigating solution. In the throat or mouth a 3 : 1,000 solution may be 
used. 

si 
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, For systemic effect ncriflavinc is administered orally 1 in capsules or 
enteric coated tablets in doses of 0.2 gram daily. Prolonged administra- 
tion may lead to renal and hepatic damage. 

Solutions may be sterilized by boiling or bv heating in an autoclave. 
They should he preserved in amber bottles, but solutions will not keep 
long, and those over a week old should he discarded. 

Preparations 

B. P. ' 

Acriflavina, acriflavinc; the hydrochlorides of diaminomcthylncridinium 
chloride and diamino-acridine, a reddish crystalline powder. Dose, 0.03 to 
0.1 gram. 

. Proflavine Sulphas, proflavine sulphate, proflavine, 2.8-diamino-acridine 
sulphate. 

Triphenylmethane (Rosaniline) Derivatives.— The amino derivatives 
of triphenylmethane and its homoJogue, tolyldiphenylmethane, are 
designated as rosaniline and pararosaniline. The methyl derivatives 
of the latter constitute a scries of basic dyes— gentian violet, crystal 
violet, methyl violet and brilliant green— which are effective germicides 
against gram-positive organisms. The gram-negative organisms, on the 
other hand, are highly resistant to these dyes. 

These dyes are used for local application particularly to burns, ulcer- 
ated areas and weeping eczema. 
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rr, ANTISEPTICS USED CHIEFLY IN SKIN DISEASES 

1. Pyrogallol 

Pyrogallol, C 6 H 3 (OH)a, was formerly widely used in the treatment 
of skin disorders but because of its toxicity when applied to large surfaces 
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it has been discarded for safer and equally effective remedies. ¥yroga I- 
lol produces nervous symptoms resembling those of carbolic acid, when 
given in very large doses to animals. In the cases of poisonings which 
have been observed in man, the symptoms arose almost exclusively 
from changes in the blood corpuscles. The red-blood cells become 
shrunken and angular and lose most of their hemoglobin, which escapes 
into the plasma and is changed into methemoglobin, the Wood therefore 
assumes a chocolate-brown color, which may be detected in the living 
animal by the discoloration of the skin and mucous membranes. If 
the intoxication is not too acute, icterus follows, and hemoglobin and 
methemoglobin are excreted in the urine. In the blood, fragments of 
red cells and “shadows” or red cells deprived of their coloring matter, 
are seen in large numbers, and the spectrum of methemoglobin can be 
obtained easily. The kidneys are also affected, and the resulting 
nephritis is indicated by the presence in the urine of albumin, epithelium 
and casts, along with the products of the decomposition of the blood. 
The nephritis may lead to uremic convulsions, which are sometimes 
accompanied by the nervous tremors characteristic of this series, and 
also by dyspnea and cyanosis from the lack of hemoglobin in the blood. 
The formation of methemoglobin is due to the reducing properties of 
the drug. Pyrogallol is excreted in part in combination with sulfuric 
acid in the urine, in part as unknown oxidized products, which give the 
urine a dark brown or black color, even when no blood pigments are 
contained in it. 

2. Chrysarobin 

Chrysarobin is a mixture in varying proportions of neutral bodies 
which are closely related to the active principles of the anthracene 
purgatives. It is found in an impure form (Goa powder) in cavities in 
the Andira or Vouacapoua araroba, a tree growing in India and Brazil. 
Chrysarobin applied to the skin in a concentrated form, or in susceptible 
persons, causes itching, redness and swelling, less frequently papular or 
pustular eruptions; the skin and clothing are stained a reddish-brown 
color where it is applied. Wien swallowed, chrysarobin acts as a gastro- 
intestinal irritant, causing vomiting and purging; some of it is absorlied, 
and in its excretion by the kidneys it causes nephritis in the rabbit 
with albumin and even blood in the urine. In man, slight albuminuria 
has been observed in some instances after its application to the skin; 
in animals, the epithelium of the renal tubules has been found to be 
necrosed, the glomeruli being less frequently affected. Part of that 
absorbed undergoes oxidation to chrysophanic acid in the body, but 
most of It passes through the tissues unchanged. 

Therapeutic tfses . — Chrysarobin is used in skin diseases, especially in 
psoriasis, in which it is applied in ointment. In a strength of 10 to 20 
per cent it has a ker at o lytic action w Idle in more dilute form (5 per cent) 
it exercises a keratoplastic action. Because of its indirect parasiticide! 
activity it is used in the treatment of ringworm. It is also u«ed in chronic 
eczema, hypertrophic lichen planus and other conditions in which there 
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is thickening of the skin. Care must be taken in using clirysarobin to 
avoid irritation of the eyes. 

Dioxyanthranol, a synthetic compound, is related to the active principle 
of clirysarobin. It is less irritant than clirysarobin and has been recom- 
mended as a substitute for it. 

Preparations 

Chrysarodinum (U. S. P., B. P.) t a substance obtained from Goa powder, 
which is found in the trunk of Andira araroba (Vouacapoua araroba, U. S. P,). 
It is a yellowish powder without odor or taste and is almost insoluble' in water. 

TJkoventdm Chrysarooini (U. S. P.), C per cent (B. P.), 4 per cent. 

Dithranol (B. P.), dioxyanthranol, _ l:8-dihydroxynnthranol, CuH 7 (OH)j. 

UngueNtum DlTHRANOUS (B. P.), ointment of dithranol, contains 0.1 per 
cent of dithranol jn yellow' soft paraffin. 

3. Naphthol 

The naphthols, C10H7OII, resemble carbolic acid in their antiseptic 
action but arc much less soluble and less corrosive. Alpha-naphthol 
has been found to be more strongly antiseptic than the beta compound. 
Beta-naphthol is several times as strongly germicidal as carbolic acid, and 
is the form used in therapeutics. 

The naphthols arc irritating to the mucous membranes when they 
come in contact w-ith them in solution or in vapor; thus they cause 
sneezing and coughing when applied to the respiratory passages, and 
in the course of excretion induce pain in the bladder and urethra with 
strangury and swelling of the mucous membrane. Large doses cause 
symptoms similar to those of carbolic acid poisoning, except that 
in the dog no convulsions have been observed, and in the other mammals 
they seem less pronounced. Injected subcutaneously or absorbed 
from the alimentary canal in animals, they induce active nephritis 
with the appearance of albumin and hemoglobin in the urine, and some 
nephritis has been caused in man from their external application. They 
seem to have less effect on the circulation and respiration than the 
other aromatic antiseptics, but resemble them in tending to destroy 
the red cells of the blood. 

Occasionally naphthol has given rise to imperfect sight and partial retinal 
degeneration in man, and changes in the eye have been observed repeatedly in 
experiments on animals in w-hich na- ’ *’ ’ 1 T v — — . is seen to 

be dotted over with bright points o ■ Atrophy 

of the optic nerve may follow, or ■ has been 

developed in some experiments, from an inflammatory infiltration beginning in 
the ciliary body and iris and extending into the lens and finally into the posterior 
surface of the cornea. 

The naphthols are excreted in the urine in combination with glycuronic and 
sulfuric acids, and these combinations and their oxidized products give the 
urine a reddish-brown cofor which may become deeper on exposure to the air. 

Naphthalene, C, 0 H t , the hydrocarbon from which naphthol is derived, is less 
soluble and does not give rise t<_ ‘ *■ " " pro- 
longed treatment with it anims" ■ w-ith 

,ii — : i — r ( . ‘d by 

■ ■ ■ ■ \ _ ‘ mail, 

■ • ■ • l the tissues* and these acquire a toxic_ action 

It is excreted in the urine as naphthol and further oxidation products, in com- 
bination with glycuronic and sulfuric acids. 
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Therapeutic Uses,— Beta-naphthol was at first introduced as an 
externa] application in various forms of skin disease, in which it is used in 
ointment (5 to 10 per cent). It was formerly employed as an anthel- 
mintic especially against hook-worm infections but has been replaced 
by safer and more effective drugs ( cf . p. 757). 

Preparations 

Betanaphthol (U. S. P., B. P.), Naphthol. Beta-naphthol (C,oHjOH), 
white or yellowish-white, insoluble crystals or powder, with a faint phenol odor 
and a hot taste. Dose, U. S. P., 0.12 gram; B. P., 0,3 to 0.6 gram. 

Acetomenaphtiionum (B. P.), acetomenaphthone, 1 :4-diacetoxy-2-methyI- 
naphthalene. Dose, 0.01 to 0 06 gram. 

4. Resorcin 

The three dioxybenzols— resorcin, pyrocatechin and hydroquinone— resemble 
carbolic acid in their effects, but produce a more intense stimulation of the 
central nervous system, for convulsions have been observed in man after their 
use. This is especially true for the last two, resorcin being milch less toxic than 
these. Resorcin seei ' " ' " 


subjected to further \ > ■ 

seen in carbolic acid poisoning. 

Resorcin is applied in ointment (5 to 10 per cent) in skin diseases. 
The monoacetate of resorcinol (euresol) is milder and more prolonged in 
its action which is due to the gradual liberation of resorcin. It also 
does not discolor gray or blond hair. Like resorcin it is used as an 
adjuvant in the treatment of acne, seborrhea, rosacea nnd pityriasis 
steatoides. 

Preparation 
U. S. P., B. P. 

Resorcinol, resorcin, metadioxybenzol (C«H,(OII),), colorless, very soluble 
crystals with a faint aromatic odor. Dose, B. P., O.OG to 0.3 gram. 

5. Tar 

Long before carbolic ncid nnd its congeners were known, tars nnd other 
crude preparations enjoyed a reputation in the treatment of wounds, 
and some of these have been retained in medicine and arc widely used. 
Among these the tar obtained by the dry distillation of different woods 
is included; its constituents vary with the source, but the creo^oK 
(CeHjCHj.OII.OCHiJ.guaiacoIs (C«H<OII.OCIIj) t nnd other less poison- 
ous aromatic compounds nrc present in larger quantity than the phenols 
nnd dioxybenzols, nnd wood-tar is therefore less poisonous than carbolic 
acid, and its simpler homologues. At the Same time these higher com- 
binations seem to have the same antiseptic powers as the simpler 
benzol derivatives, so that several of the crude preparations are u*ed 
in surgery and medicine. 

Therapeutic Uses.— Tar is u s cd widely in a variety of skin dbca^cs, in 
which it may be applied either alone or as an ointment. It is only 
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slightly irritating to the skin, and some absorption occurs, as is often 
seen by the dark color of the urine. Internally it has been used occasion- 
ally as an expectorant” in cough mixtures. Whether it has any effects 
on the lungs in these cases may be questioned. In combination with 
sulfur, tar is extensively employed in dermatological practice in the 
form of Wilkinson’s salve. * 

Preparations 

' U.S.P. 

.PfX Pini, pine tar, a viscid blackish brown liquid obtained by the destructive 
distillation of Pinus paluslris and other species of Pinus. 

• Unguentum Picis Pini, tar ointment containing 50 per cent pine tar. 

Oleum Picis Rectificatum, rectified oil of tar, a volatile oil from pine tar 
rectified by steam distillation. 

Svrupus Picis Pini, syrup of pine tar, a 0.1 per cent solution of rectified oil 
of tar in syrup. 

B.P. 

Pix Liquida, tar. Dose, 0J2 to 0.6 gram. 

6. Sulfur and Sulfur Containing Compounds 

Sulfur is used largely in the treatment of parasitic infestations of the 
skin and in disorders of the sebaceous glands. Precipitated sulfur as a 
powder or incorporated in an ointment base is used for its keratoplastic, 
.keratolytic and stimulative effects. An ointment containing 5 to 15 
per cent sulfur is used in the treatment of scabies. Stronger applications 
are used in chronic eczema and other chronic disorders of the skin. 

Ichthammol, a preparation of sulfoichthyolic acid was introduced as a 1 
substitute for ichthyol. It is obtained by distillation of bituminous 
schists, sulfonating the distillate, and neutralizing the product with 
ammonia. It is used in dermatologic conditions where a sulfur action is 
desired, as in rosacea. 

Thigenol, a solution of sodium sulfo-oleate and naftalan, a distillate 
product of a crude naphtha from the Caucasus, are also used in dermato- 
logical practice. 

Sulfoichthyolate preparations are salts of a mixture of sulfur containing 
acids derived from the tar of a bituminous shale. The ammonium 
compound of sulfoichthyolic acid was introduced as ichthyol (in allusion 
to the fact that the shale from which it is derived is the remains of fossil 
fishes). Applied to the skin, ichthyol causes slight irritation, which is 
apparently of benefit in some cutaneous diseases, and it has therefore 
been used extensively for this action. In more dilute form it possesses a 
demulcent or emollient effect. A certain amount of absorption occurs 
when it is rubbed into the skin, for the sulfur of the urine has been 
found to be augmented. Ichthyol has been strongly recommended in 
the treatment of a number of skin diseases. It is generally used as an 
ointment containing equal parts of ichthyol and petrolate, but may be 
used in 10 per cent or even weaker dilution. 

Preparation 
B. P. 

IcmmAMMOL, ammonium ichthosulphonate. Dose, 0.3 to 0.6 gram. 
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7. Balsams 

Another ancient treatment of wounds comprised the application of various 
balsams and some of ** ... . 

increasing difficulty. • . an( j 

cinnamic acids and . lined 

from Styrax Benzoin t a Jj 3 

Balsamum Peruvianum Irom Toluifera Pereira or Myroxylon Pereira; and 

Balsamum Tolulanum c " 

, Benzoin, and Balsam 
scabies. And the com 
aloes, and balsam of To 

of expectorant mixtures where the mucus is tenacious and coughed up with 

difficulty. It was ' T * « * ‘ ' ' 

position a number 
ton’s balsam, Jesu 
agent. 


Many other drugs applied to the skin may exercise some germicidal 
action along with their other properties, but are discussed elsewhere. 
(See Zinc, Lead, Sulfur Ointments.) 


Preparations 


U. S. P. 

” ■ 1 ~ • • * “ ' viscid liquid with an 

• ■ • cits of Styrax. 

, , benzoin. 

Tinctura Benzoin: Composita, contains benzoin, aloe, 6torax and tolu 
balsam. 

Styrax, storax, a grayish brown stick}' mass with a characteristic odor and 
taste. 

Balsamum Tolutanum, balsam of Tolu, a brown or yellowish brown, plastic 
solid with a pleasant aromatic odor. 

SYnurus Balsami Tolutani, a solution of tincture of Tolu balsam and mag- 
nesium carbonate in syrup. 

Tinctura Balsami Tolutani. Dose, 2 cc. (30 min.). 

B.P. 

Balsamum Peruvianum. Dose, 0.3 to 1 mil (5 to 15 min.). 

Balsamum Tolutanum. Dose, 0.3 to 1 gram. 

Syrupus Tolutanus, syrup of Tolu. Do e e, 2 to 8 mil. (30 to J20 min ). 
Tinctura Tolutana, tincture of Tolu. Do«c, 2 to 4 mil. (30 to CO min.). 
Benzoinum. benzoin. Do«e, 0 G to 2 grams. 

Tinctura Benzoini Composita, compound tincture of benzoin or Friar’s 
balsam. Dose, 2 to 4 mil. (30 to 50 min.). 

STYRAX. Dose, 0.G to 2 grams (10 to 30 gr.). 

REFERENCES 

Oit»! , nr a vd MoKTOOucnr' Diseases of the Sion. Cth til., Philadelphia, Lea A FeGic^r, 
1013. 

TmJRMOv: New Enchnd Jour. Med., 227, 12S, 1012. (Psoriasis ) 

U. S. Rureau Mines Circular No. 7012. 103S. (Ichthjol ) 

Wert and ANRr.i*: Arch. f. Anat. u. Physiol., p. 201. I*A0. (Pyrocallol ) 

m. OENITO-URINARY ANTISEPTICS 

Prior to the introduction of the sulfonamides and antibiotics numer- 
ous comjM>und> were used as genitiMirinnry antiseptio. Of then-, the 
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volatile oils (oils of copaiba, cubebs and sandalwood), hexylresorcinol, 
sodium salicylate, salol (pbenyl salicylate), benzoic acid, ammonium 
benzoate, boric acid and borax are now only of historic interest. 

It is very probable that with the availability of an antibiotic sucb ns 
streptomycin which is effective against gram-negative bacteria, the use 
of such genito-urinary nntiscptics ns methenaminc, mandelic acid and 
the dyes will also be relegated to oblivion. At present they are still 
used in infections not amenable to sulfonamide or penicillin therapy. 

1. Hexamethylenetetramine, Methenamine, Hexamine 

Hexamethylenetetramine ((CIIs)iN«) f official as methenamine 
(U. S. P.) and hexamine (B. P.) has no important action itself, but is of 
interest from its liberating formaldehyde in the course of its excretion 
in the urine; formaldehyde is a powerful disinfectant, and the small 
quantities liberated from methenamine are sufficient to prevent putre- 
faction of the urine for many hours. Under certain conditions, microbes 
in the urine decrease in number or sometimes disappear altogether within 
a few hours of its administration. Formaldehyde is formed from meth- 
enamine only in the presence of acid and the only fluids in the body which 
arc acid enough to liberate it are the gastric juice and the urine. A 
certain amount of the drug swallowed is decomposed in passing through 
the stomach, but enough is absorbed unchanged to act in the urine if it 
is acid; when it is alkaline, methenamine has no disinfectant action in 
the urinary passages; when, however, in those cases the reaction of the 
urine is rendered acid by the administration of acid phosphates or 
ammonium chloride or nitrate, formaldehyde is formed from methena- 
mine and satisfactory results follow-. It follows therefore that in order 
that the treatment with methenamine be successful the pH of the urine 
shall be controlled and should in general be kept below 5.G. No symp- 
toms arise from ordinary doses of methenamine, but large quantities 
have occasionally given rise to gastric discomfort and to pain and 
discomfort in the bladder, and more rarely to hematuria; the irritant 
here is not the unchanged drug but the formaldehyde liberated by it. 

Therapeutic Uses.— Methenamine is used in cystitis and urethritis 
where the infecting organism is not responsive to the available sulfon- 
amide or antibiotic preparations (p. 725). In order to ensure that the 
urine shall be acid, methenamine is often given along with acid sodium 
phosphate (1 gram), ammonium nitrate or ammonium chloride. 

Preparations 
U. S. P. 

Methenamina, methenamine, a white crystalline powder. Dose, 0.5 gram. 

Tabelle Methenamine. Dose, 0.5 gram. 

B. P. 

Hexamina, hexamine, methenamine. Dose, 0.6 to 2 grams. 

Tabelle Hexamine, tablets of hexamine, methenamine tablets. Dose, 

0.6 to 2 grams. 
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2. Mandelic Acid 

Since acid urines are less favorable for the growth of bacteria, attempts 
were made to utilize a high fat, low carbohydrate diet to produce a 
state of ketosis in order to control urinary infections. The results were 
so successful that the simpler method of inducing the same condition 
by the use of a low caloric or starvation diet was employed to avoid 
the difficulties associated with the ketogenic diet first used. It was 
soon pointed out by Rosenheim that while the results thus obtained by 
these diets were due to the beta-hydroxy butyric acid, the method of 
attaining this end was unnecessarily complicated and could be reached 
by the more direct means of administering an acid at once. It was not 
feasible to administer the hydroxybutyric acid itself by mouth because 
when given in this manner it is largely oxidized to carbon dioxide and 
water before reaching the kidney. From the various organic acids 
which were studied, mandelic acid was selected as being most suitable 
for the purpose, inasmuch as it is relatively non-toxic and is excreted 
unchanged by the kidneys. 

Mandelic acid (alpha-hydroxy-alpba-toluic acid) is a white crystalline 
powder relatively soluble in water (10 per cent at 20°) and is usually 
given dissolved in water in doses of 3 grams four times daily. The 
sodium salt has been used, but the ammonium salt has largely replaced it. 

In order to insure its greatest degree of effectiveness several precau- 
tions are necessary. The fluid taken by the patient should be restricted 
to 1,200 cc. per day and the pH of the urine must be observed daily and 
kept below 5.G. If the desired degree of acidification is not attained 
it may be necessary to give some drug such as ammonium chloride. 

If these conditions are obtained the urine usually becomes bactericidal 
in two or three days and free from infection in six or seven. It is seldom 
necessary to continue this therapy longer than ten or twelve days and 
indeed it is inadvisable to do so because of the possibility of renal 
irritation. In some patients a return of the infection has been seen after 
the drug has been stopped and in such cases it may be necessary to repeat 
the treatment nfter allowing a rest interval of a week or two. 

The administration of the drug produces at times nausea but rarely 
does it cause diarrhea. It also may cause renal irritation with the 
presence of hyaline casts. Small numbers of red blood cells arc found 
in the urine at times and more rarely gross hematuria. The drug is 


organism is resistant to the sulfonamide and antibiotic drugs. Culture 
of the urine is necessary In-fore one can conclude ns to the In-st agent to 
be employed in a given case. 

PlitrATUTlON 

17. S. P., B. P. 

Acidcu Mandeucttm, rnandelic acid, a white crystalline powder. Do*y, 
U. S. P., 3 grams; n. P., 2 to 4 grains. 



810 


ANTISEPTICS AND DISINFECTANTS 


REFERENCES ' 

Burns: Southern Med. Jour., 37, 320, 1944. (Clinical.) 

Heumholz and Osterberq: Jour. Am. Med. Assn., 107, 1794, 1930. 

Lamson, et al.: Am Jour. Hyg., 13, 803, 1931. (Hexylrcsorcinol.) 

Rosenheim: Lancet 1, 1032, 1935. (Mandelic Acid.) 

WaltBER: Jour. Am. Med. Assn., 109, 999, 1937. 

Young: Ibid., 77, 1327, 1927. (Methenamine.) 

IV. DISINFECTANTS FOR ROOMS, FURNITURE, ETC. 

1. Formaldehyde 

Formaldehyde (HCHO), the aldehyde derived by oxidation from 
methyl alcohol, is a very powerful germicide, while it is not very danger- 
ous to -the higher animals. The aldehyde is a colorless gas and has been 
used either in solution in water ( formalin ) or as a vapor. As a germicide 
it is estimated to be as efficient as corrosive sublimate, and its volatility 
enables it to penetrate much more rapidly so that it may be used for 
purposes for which the latter is unsuitable. 

Action.— The vapor is very irritant when inhaled, causing stinging 
and prickling in the nose and throat, salivation and tears, and bronchial 
irritation and catarrh. In the few cases of poisoning in man recorded, 
the symptoms were those of gastric irritation and consequent collapse. 
When swallowed by animals the watery solution produces nausea and 
vomiting, which are followed by narcosis, coma, and in the rabbit by 
convulsions and opisthotonos. The respiration in the dog is very greatly 
accelerated some time before death, while in the rabbit this is not as 
marked or is entirely absent. The blood-pressure is increased at first, 
and the heart is slow from direct action on the cardiac muscle. For- 
maldehyde is rapidly absorbed from the alimentary tract and also by 
the lungs but quickly disappears from the blood owing to its oxidation 
and excretion; some formic acid is said to be formed from it, and for- 
maldehyde has been detected in the urine, the gastro-intestinal secre- 
tions, and the expired air. 

The powerful action of formaldehyde on microbes and on mucous 
membranes is believed by Loew to be due to its combining with the 1 
amino groups in the proteins, and as a matter of fact, a number of ’ 
changes have been described in the reaction of proteins exposed to 
this gas. For example, egg albumen and serum to which formaldehyde 
solution has been added are not precipitated by heat and are less easily 
digested by ferments, while casein is not coagulated by the rennet 
ferment. Some of the ferments (pepsin and diastase) are not affected 
by small amounts of formaldehyde, while trypsin and papain lose their 
activity wholly or in part. 

Uses.— Formaldehyde is too irritant to admit of its use as an anti- 
septic in medicine and surgery, but it has been largely employed to 
disinfect instruments, furniture, clothes and rooms, which cannot be 
sterilized by heat. Diluted liquor (4 per cent) may be used for some 
of these purposes, or the vapor may be disengaged by distillation from 
the liquor or by heating paraform. Large rooms filled with formaldehyde 
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vapor and left for some hours are found to be almost completely steril- 
ized, so that cultures of the pathogenic microbes exposed in them cease 
to grow even when removed from the atmosphere. The odor of for- 
maldehyde may be removed by sprinkling ammonia solution with which 
1 + - "" " * * action of formaldehyde 


not only destroys the microbes, hut a/so . . „ ^ 

them so that they are no longer poisonous, even in very large quantities. 

Preparation 

Liquors FoHMALnsnroi (U S. P., B. P.}, formalin, s solution of formaldehyde 
in water containing not less than 37 per cent of the gas, which may he obtained 
from it by distillation. 

2, Sulfur Pioxide 

Sulfurous acid is a powerful reducing agent, as it becomes oxidized 
to sulfuric acid, and this renders it poisonous to protop/asm in general, 
quite apart from its acidity. Sulfurous acid anhydride has accordingly 
been used occasionally to disinfect rooms and furniture after infectious 
diseases; for tin's purpose sulfur is burned in the room, which ought 
to be rendered as air-tight as possible, and the fumes are allowed to act 
for several hours before the room is ventilated. The value of this method 
of disinfection has been called in question, and though sulfurous acid 
gas is fairly germicidal when it is applied along with moisture, it may be 
doubted whether it has ever been used efficiently in practice, unless 
efficient, the procedure is open to the objection that it may lend a sense 
of security which is quite unwarranted, and may lead to the neglect of 
other measures. Sulfur dioxide bleaches and rots most materials, 
and the fumes are fatal to the higher animals, even when much less con- 
centrated than are necessary' to destroy bacteria. In order to be of 
Service, at least 1 volume of SO t ought to be present in each 100 volumes 
of air, and even this concentration is insufficient to destroy the spores 
of bacteria. 

The chief sj-mptoms of poisoning with sulfurous acid solution arc 
those of irritation of the mucous membranes, and if the solution is 
swallowed these may not differ from those of other irritants. 

In poisoning from the inhalation of the anhydride, the symptoms 
arise cbicBy from the respiratory’ tract. Even in a dilution of 1 : 2,000 it 
acts ns an irritant, causing sneezing, coughing and hcrimatiaa, and 
in somewhat greater concentration it becomes entirely irrespiraMe; 
smaller quantities in the air cause bronchial irritation and catarrh, when 
jnhalcd for some time. Sulfurous acid is neutralized and oxidized 
for the most part to sulfates in the tissues, or probably partly in the 
course of absorption. 

Sodium sulfite (K&«50t) and thiosulfate or hyposulBte (Na>SO,) are rapidly 
changed to the sulfate when given bj* the mouth; the liberation of SO* in the 
stomach may cause some gastro-intestmaJ irritation in man, and in animals 
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vomiting has occurred from it. Injected subcutaneously in the frog they cause 
muscular weakness and finally central nervous paralysis; in the cat and dog a 
preliminary stage of vomiting, dyspnea and restlessness is seen, apparently 
frmn direct action on the center in the medulla and on the heart and vessels. 
When applied in this way the sulfite is excreted in the urine as sulfate, while 
the thiosulfate is changed more slowly and from a third to a half may escape 
by the kidneys unchanged. 


3. Chlorine and Bromine 

Chlorine and bromine resemble each other closely in the effects 
which they induce in all forms of living matter. These may be explained 
in part by their replacing hydrogen in its combinations in the proteins 
and forming hydrochloric or hydrobromic acid with the hydrogen set 
free, in part by their combining with the hydrogen of water and thus 
liberating oxygen, which then acts on the tissues. These processes 
are believed to account for the fact that chlorine is a much more power- 
ful disinfectant in moist air than in dry. In the higher organisms all 
of these reactions probably occur together. 

Action.— Chlorine and bromine are general protoplasm poisons; 
thus 3 parts of chlorine in 1,000 parts of moist air are sufficient to destroy 
the spores of most bacteria in the course of three hours, and the infusoria 
and the higher plants have been shown to be equally susceptible to the 
influence of the gas. Even smaller quantities of bromine are disinfectant. 

In the higher animals and in man chlorine and bromine act as irri- 
tants, causing irritation and redness and even blistering of the skin 
when applied to it in solution, and eliciting when swallowed intense 
inflammation and corrosion of the mouth, throatj and stomach, with 
collapse and all the ordinary effects of gastric irritation. Air con- 
taining 1 part of chlorine in 100,000 irritates the eyes, nose, larynx 
and the deeper respiratory passages; bronchitis, pulmonary congestion 
and hemorrhages, coughing and pain in the thorax are induced by some- 
what higher concentrations, and exposure to about 1 part in 3,000 for 
fifteen minutes causes acute edema of the lungs, which may prove fatal 
immediately. More dilute vapor may be equally dangerous if the 
exposure is longer. Chlorine and bromine as such are not used in 
therapeutics, but have given rise to poisoning in their industrial use, 
and the former has more recently acquired notoriety from its being used 
in warfare. 

These symptoms of chlorine and bromine poisoning are caused by their 
local action only; they are changed to hydrochloric and hydrobromic acids, 
and these again to chlorides and bromides in the course of absorption. Atten- 
tion has been drawn to a number of cases in which symptoms arose in work- 
men in chemical factories where chlorine is liberated by electrolysis, or more 
rarely in others where hydrochloric acid is formed in large quantities. The 
most marked symptom is an affection of the sebaceous glands, from which the 
condition receives its name of chlorine acne, but this often induces headache, 
sleeplessness, loss of appetite, and anemia. No satisfactory explanation of the 
symptoms has been eiven, nor is it known whether the chlorine or some unknown 
body is the cause (Lehmann, Jacquet). 
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The Hypochlorites disengage chlorine more slowly than solutions 
of chlorine and are correspondingly less toxic to microbes and the 
higher forms of life. (See p. 799.) 

The chlorine preparations are chiefly used to disinfect feces, urinals 
and to a less extent rooms and houses; for this purpose chlorinated 
lime is the most suitable, especially when acid is added to it in excess. 
The room ought to be hermetically sealed, and the fumes are of no 
value as disinfectants unless they are present in such quantity as to 
render the air quite irrespirable. They have the disadvantage that they 
bleach most of the colors used in dyeing, and fail to penetrate in sufficient 
quantity into the clothing, which they also corrode to some extent. 
Chlorinated lime exposed in the sick-room serves merely as a deodorant, 
and has no disinfectant value, but has the disadvantage of giving a 
false feeling of security like other similar measures. Chlorine seems 
inferior to sulfurous acid anhydride, and still more so to formaldehyde 
as a disinfectant, not from its being weaker in action, hut because it 
is more difficult to apply in sufficient quantity. Chlorinated lime can, 

’■ ' ” ’* ’ ’ 1 ’ ' 1 ' ‘h these disinfectants 

hile its disinfectant 

. « the purification of 

drinking water and swimming pools. 


compounds have been introduced for this purpose. Halazone (para- 
sulphonc dichloramido-benzoic acid) (ChN .OjSC « H «COOH) is effi- 
cacious in about 4 parts per 1,000,000 and is more stable and more 
easily transported in small quantities than the hypochlorites. In the 
presence of alkaline carbonates, borates, and phosphates it will sterilize 
in thirty minutes water contaminated with typhoid and other bacilli 
when used in the strength of 4 to 8 mg. per liter. Tablets containing 
halazone and the necessary carbonate are available commercially. 

Succinchlorimide, the chlorinated iraide of succinic acid (C JI«0 2 IIC!) 
is available for the same purpose. The addition of 1 1 .0 mg. of this drug 
is said to disinfect a liter of water within twenty minutes. 

4. Other Disinfectants 

Many other substances may be employed as disinfectants of urinals, 
latrines, feces, etc., the chief determining consideration being the 
cost of the material in most cases. Tlius tar, or crude carbolic acid 
may be used to disinfect fecal matter, and unslaked lime is applied to 
bodies in epidemics in the hope of preventing the liberation of infectious 
organisms. The most certain disinfectant, where it is available, is moist 
heat which is generally used to disinfect clothes and bedding which 
have been in contact with infected persons. 

For the disinfection of the air, various aerosols containing glycol 
vapors and ultraviolet light have also l>ecn used. 
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5. The Insecticides 

Although these agents arc not usually classified as antiseptics or dis- 
infectants, they nevertheless may be considered here for like the former, 
these substances eliminate the agents causing disease by destroying the 
carriers of these pathogens. Insecticides have assumed an important 
role in the eradication of disease and by their use many insect-borne 
epidemics may be prevented. The introduction and use of these com- 
pounds during the Second World War was probably of much greater 
importance in practical medicine than the innovations in the use of the 
local antiseptic and disinfectant agents. 

DDT (Diehlorodiphcnyltrichloroethnnc) although synthesized over 
seventy years ago was only discovered to have potent insecticidal 
power in agriculture in 1939. Its efficiency in destroying flies, mos- 
quitoes, lice and other carriers of human disease was later noted and its 
use during the second World War to destroy the body louse undoubtedly 
averted serious typhus epidemics. 

DDT is characterized by its prolonged notion compared to other 
insecticides, being effective for many weeks after its application. It 
kills insects on contact by poisoning their nervous system. When 
impregnated into clothing its effects last for as long as a month in spite 
of repeated washes. Its use in this way averted a threatening typhus 
epidemic in the winter of 1943-44 at Naples. More than a million 
people were dusted witli the insecticide in this area to avert the threat- 
ened epidemic. Thus, the ravages of typhus which, dining and follow- 
ing the first World War caused more deaths than any other single cause 
including battle casualties, were largely eliminated during the more 
recent holocaust. 

DDT should not be used indiscriminately since it is more toxic than 
was originally suspected. Its toxic effects in man and other mammals 
is still a subject of study. 

Pyrethrum, the widely used insecticide derived from pyrethrum 
flowers ( Chrysanthemum cin era rixfoliii m) is used in medicine in the v 
form of an ointment in the treatment of scabies. This penetrates the 
burrows and kills both the mites and eggs. Only rarely is dermatitis 
with exfoliation or allergic sensitivity to the drug observed. 
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PART VI 


Vaccines, Sera and Miscellaneous . 
Biologicals 

The prophylactic and therapeutic use of vaccines, toxins, and anti- 
toxins has assumed an important place in modern therapeutics for their 
use makes possible the prevention of otherwise serious disorders, the 
attenuation of others and the detection of the presence or susceptibility 
to certain diseases. These complex biologicals have become of increasing 
importance in the diagnosis, prevention and treatment of disease. 
Although primarily a subject for consideration in bacteriology and 
immunology, a very brief account of these agents may be given here 
since they now find a place in our Pharmacopeias. 

Because of their potentially dangerous character and the need of 
their control as regards potency and efficacy, the sale of viruses, serums, 
toxins and analogous products is under stricter governmental control 
than is the case with other medicinals. No product of this category 
may be exported or sold in interstate commerce except by license of the 
United States Public Health Service. Each package of these biologicals 
must bear an expiration date in order to avoid the use of deteriorated 
materials. They must undergo official potency tests and be preserved 
against bacterial contamination by the addition of crcsol (0.4 per cent), 
phenol (0.5 per cent), glycerin, organic mercurials or other antiseptic. 

1. VACCINES, TOXINS AND TOXOIDS 

It has long been known that spontaneous recovery can occur in man 
and in the lower animals from diseases now proved to be due to infection 
by pathogenic organisms. It was also early recognized that one attack 
of such disease might confer a partial or complete insusceptibility to 
subsequent infection. Thus a person who had suffered from an attack 
of smallpox nas very unlikely to have a second attack, however much 
he might be exposed to infection. There would he no gain, lion ever, 
in artificially subjecting a person to such a disease, merely to prevent a 
second attack, as obviously he would run nil the usual risks and would 
be compelled to undergo a disease which in the normal course of events 
he might have escaped. It was a great and fruitful advance when Jcnncr 
showed that a person who had suffered from cowpox— a disease cIo«clv 
allied to, hut much less severe than, actual smallpox — nns less sus- 



thc latter disease, suffered from it in a milder form. Advantage is 
taken of this fact in "vaccination" against smallpox. This is done by 
means of vaccine lymph, nliich is obtained from the vehicles produced 

(815) 
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by inoculation of vaccine virus on the skin of healthy animals. One 
minim of the lymph is applied by scarification to the skin, e. g., of the 
arm or leg. This produces the local and constitutional reactions typical 
of con-pox and confers a high degree of immunity, lasting with diminish- 
ing intensity for many years, against smallpox infection. 

In vaccination against smallpox, the virus of a related disease only 
mildly pathogenic to the human is used to induce immunity to the more 
serious human ailment. Active immunization may also he induced by 
injecting (1) attenuated living viruses or killed viruses, (2) bacterial 
toxins, (3) modified bacterial toxins and (*1) bacterial vaccines. 

Rabies vaccine is an example of the use of an attenuated or killed 
virus in the prevention* of dreaded hydrophobia. Pasteur discovered 
that the virus of the disease is present in the central nervous system of 
animals which have suffered from it, and that a suspension of such 
tissue, suitably prepared, can be used ns a vaccine for prophylaxis of 
the disease. In practice the vaccine is used chiefly to confer an active 
immunity against rabies in eases of known or suspected infection, and 
this is possible owing to the relatively long incubation period. The 
attempt is made to render the bitten person sufficiently immune during 
this period to confer protection against the disease before the virus has 
had time to affect the nerve confers. 

Scarlet fever streptococcus toxin is an example of a bacterial toxin 
used to induce immunity. The pathological disturbances of structure 
and function resulting from infection by pathogenic organisms are as a 
rule due not so much to mechanical or other effects of the bacteria them- 
selves as to the action of toxins which they form. These toxins may net 
locally and generally. Escaping into the blood they may produce 
effects on organs remote from the actual seat of infection. The process 
of recovery of an animal from a bacterial disease is accompanied by the 
appearance in the blood and tissues of " antibodies which in various 
ways inactivate the bacteria or neutralize their toxins. Antibody 
formation is not a reaction peculiar to bacteria or toxins but occurs 
when any foreign protein is injected. It is a reaction which occurs to all 
proteins and proteoses and to these only. It docs not occur readily if at 
all when they arc given by mouth, because the proteins are broken 
down by digestive processes in the alimentary canal into amino-acids 
which do not provoke this reaction. Antibody formation is one of the 
most important natural mechanisms for resisting invasions of bacteria 
or for neutralizing the protein-like toxins which they produce. It is 
perhaps the most general method by which a bacterial disease is over- 
come and “immunity” to it acquired. Wien an animal acquires im- 
munity to bacteria or their toxins by being exposed naturally or arti- 
ficially to their actions, the immunity so acquired is called “active 
immunity” because the animal manufactures its own antibodies, and 
the immunity so acquired may be lasting, depending upon the duration 
of antibodies in the tissues and other factors. 

Active immunity against toxins may also be induced by injection of 
attenuated or modified toxins. Various methods are in use for reducing 
the virulence of a toxin without destroying its power of provoking 
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immunity. This can in some cases be successfully achieved by the addi- 
tion to the toxin of the specific antitoxin. This procedure is adopted 
in the case of diphtheria toxin-antitoxin mixture. The addition of for- 
maldehyde or other chemical agents may also modify a toxin in such 
a way as to render it non-toxic without interfering with its capacity 
to induce immunity reactions. Diphtheria toxoid, alum precipitated 
diphtheria toxoid, staphylococcus toxoid and tetanus toxoid are examples 
of such preparations. Diphtheria and tetanus toxoid may be combined 
and injected together for routine administration to infants as a prophy- 
lactic against these formerly common and dangerous diseases. 

The use of bacterial vaccines depends upon the fact that injected 
bacteria, even when they are killed, can still provoke immunity. Im- 
munization with dead bacteria can often be induced with relatively 
little risk or even inconvenience, because the organisms cannot multiply 
in the body and a safe but effective immunizing “dose” can be found 
by experience. Such a vaccination is used ns a prophylactic against 
typhoid fever. There are at least three bacilli, tiz., B. iyphosvs , 
B. ■paratyphosus A, and B. paralyphosus B, which are responsible for 
different kinds of typhoid fever. Though these bacilli are closely allied, 
an attack due to infection by one of them will not confer immunity 
against the others. By the use of a vaccine containing all three a person 
can be simultaneously immunized against them all. This is now the 
usual practice. Typhoid-paratyphoid vaccine is a standardized sterile 
suspension of these three bacilli which have been killed by heat. Three 
doses are usually given by subcutaneous injection, one of 0.5 cc. and the 
second and third of 1 cc. at weekly intervals thereafter. Such vaccina- 
tion lias been practiced on a large scale in many countries and has done 
much to lessen the incidence and gravity of typhoid fevers. Its routine 
use in armies has, with improved sanitation, practically wiped out 
what was formerly a scourge of all wars. 

Other bacterial vaccines have been prepared from the acne bacillus, 
from Brucella organism, from the cholera vibrio, the plague bacillus 
and from staphylococci. 

The discovery that many viruses multiply when implanted on the 
allantoic membrane of the incubating egg has led to the use of this 
procedure for the preparation of \-accines for use against virus diseases. 
Vaccines have been prepared from such cultures for epidemic typhus, 
influenza, measles and other viral diseases but their efficacy as prophy- 
lactics is still not firmly established. 

Preparations 
U. S. P. 

Vaccinvm Ratut* " w "i !«••» * ■’ the contents of one con- 
tainer, to ' 

Vaccint ■ . ■ ' om the typhoid bacillus. 

Avcrape d - ■ , ■ • • cc., the latter dose to bo 

repeated once. 

Yaccinum TTrno-PAiUTrntoscjf, bacterial vaccine made from the typhoid 
bacillus and the paratyphoid "A” and “B” bacilli. A^ crape do«e as for Vac- 
ctnum Typhosum. 

52 
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Vaccinum Variola:, smallpox vaccine. 

Toxinum Diphtiiericum Detoxicatum, diphtheria toxoid. Average dose by 
hypodermic injection, prophylactic, 1 cc. 

Toxinum Scarlatina: Streptococcicum, scarlet fever streptococcus toxin. 
Prophylactic injection, for active immunization, graded hypodermic doses at - 
proper intervals until a negative Dick test is obtained. 

Toxoidum Difhthericum, diphtheria toxoid. Also in the form of: diphtheria 
toxoid, alum precipitated. Average dose, for active immunization, 1 cc. repeated 
at proper ir tcrvals until a negative Schick test is obtained. 

Toxoidum Tetanicum, tetanus toxoid. Also in the form of: tetanus toxoid, 
alum precipitated. Average dose, for acth’c immunization, 1 cc. hypodermically 
to be repeated at proper intervals. 

B. P. 

Vaccinum Vacinnle, vaccine lymp’ rr. ■■ 1 ■ .*<- «■ 

Vaccinum Tvpiio-paratypiiosum, 
cutaneous injection, 0.5 mil. (first do 
days interval). 

Toxinum Dipiithericum Detoxicatum, diphtheria prophylactic. The 
requisite dose is indicated on the label and is given L>j’ subcutaneous injection 
on two or three occasions at intervals of two to four veeks. 

Toxinum Tetanicum Detoxicatum, tetanus toxoid. Dose, subcutaneously 
or intramuscularly, 0.5 to 1 mil. 

2. ANTITOXIC SERA, IMMUNE SERA AND ANTITOXINS 

As has already been explained, natural cure of many bacterial diseases 
results largely from the formation in the tissues of antibodies which 
inhibit the multiplication of bacteria or neutralize their toxins; and 
especially for prophylaxis, artificial immunity can be actively induced 
by suitable injections of attenuated bacteria or toxins. When a bacterial 
infection is severe or if the patient has a low resistance to it, antibody 
formation may not take place sufficiently rapidly or adequately to 
save the patient from the effects of the toxins. Once the toxin has 
combined with the tissues, antitoxin is incapable of dislodging it. It 
would be clearly of advantage, therefore, if the patient could be quickly 
supplied with the necessary antitoxin from extraneous sources. This 
can be done by injecting antitoxin obtained from a horse or other suitable 
animal which has been immunized against the toxin. The details of 
procedure for obtaining antitoxin varies in the case of different toxins. 
Generally, however, a horse is immunized by repeated injections of 
the toxin at intervals of a few days for a period of several months until 
the blood acquires a sufficiently high antitoxin content. The animal 
is then bled and separated serum collected and standardized according 
to its power of neutralizing toxin. This power is expressed in “units” 
compared with a standard antitoxic serum. The serum may be used as 
such or as the separated globulins, ■which contain practically all the anti- 
toxins. A person can be immunized against a toxin by an injection of 
such an antitoxic serum. Immunity conferred in this way is called 
“passive immunity” because the person does not manufacture his own 
.antitoxins as a personal reaction to the toxin but receives the antitoxin 
ready made. Immunity passively produced in this w’ay is more transient 
and usually less complete than active immunity, but has the advantages 
of speed and safety of induction. Antitoxins are used both as prophy- 
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lactic and curative agents. In the latter case their value depends largely 
upon their being given sufficiently early and in sufficient doses, so that 
the toxin can be neutralized before it combines with the tissues and 
before it produces its toxic effects. 

Serums can also be obtained to combat bacteria themselves, in which 
case the serum is obtained by immunizing a horse or rabbit against 
the particular bacterium and is used in much the same way as an anti- 
toxic serum. Of such serums those which have proved most successful 
in treatment are antimeningococcus serum and anti pneumococcus serum, 
both of which were widely used until the advent of the sulfonamide and 
antibiotic drugs. At present they are little used except in the most 
severe cases or in patients who fail to react to the chemotherapeutic 
measures. 

The available antitoxins and antitoxic serums include: 


Crotalus (antivenin) antitoxin or North 
American anti-snake bite serum 
Botulism antitoxin 
Diphtheria antitoxin 
Erysipetes streptococcus antitoxin 
Gas gangrene antitoxin 
Tetanus antitoxin 
Tetanus-gas gangrene antitoxin 


Scarlet fever antitoxin 
Staphylococcus antitoxin 
Antianthrax serum 
Antidysenteric scrum 
Antierysipelas serum 
Antierysipeloid serum 
Antimeningococcic serum 
Antipneumococeiceenim, 
type specific 


Immune serums may in certain cases also be obtained from human 
beings convalescing from the specific infectious disease. The most 
important of these is human measles and scarlet fever immune serum. 
The antibodies effective against measles are also present in the human 
placenta and may be obtained from this source. Human immune 
globulin is also useful in the prevention and modification of measles, 
being equivalent in usefulness to convalescent serum. 
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Antitoxinum Stapiiylococcicum, staphylococcus antitoxin. Doses by injec- 
tion, 5,000 to 20,000 units. 

Antitoxinum Tetanicum, tetanus antitoxin. Doses, by injection: prophy- 
lactic, 1,000 to 2,000 units; therapeutic, 20,000 to 40,000 units. 

Antitoxinum Vinnio Septicum, gas-gangrene antitoxin (vibrion septique). 
Doses by injection : prophylactic, 5,000 units; therapeutic, 10,000 to 20,000 units. 

Antitoxinum Welchicum, gas-gangrene antitoxin. Doses, prophylactic, 
4,000 units by injection; therapeutic, 10,000 to 20,000 units by intravenous 
injection. 

Serum Antidysentericum (Shiga), antidysentery serum. Doses by injec- 
tion, 4,000 to 10,000 units. 

Serum Antipneumococcicum I, antipncumococcus scrum (Type I). Doses 
by intravenous injection, 50,000 to 150,000 units. 

Serum Antipneumococcicum II. Doses similar to those for Type I. 

3. NORMAL HUMAN BLOOD DERIVATIVES 

The recognition of the importance of adequate blood volume has 
prompted the use of normal human scrum in the treatment of shock 
and other conditions where there is a deficiency of the blood volume 
or blood proteins. In surgical and traumatic shock the loss of blood 
volume and hemoconcentration, with its attendant decrease in cardiac 
output leads to anoxia of the tissues and an irreversible state of shock 
which may be prevented by the administration of human plasma. 
This has the advantage over whole blood transfusion in that it requires 
no typing and can be maintained in a readily available form for im- 
mediate use when necessary. 

Normal human plasma is available in the form of citratcd plasma or 
serum. It may be dehydrated by rapid freezing and removal of its 
water content under high vacuum, the plasma being restored in its 
original concentration or as a hypertonic solution, if desired, by adding 
the requisite amount of water prior to use. 

In addition to its use in swrgioai and traumatic shock, norma! 
human plasma or serum are used in the treatment of burns, to combat 
hypoproteinemia and as a temporary substitute for whole blood where 
this is not available. By the fractionation of human blood it is possible 
to obtain a number of products which have therapeutic value. The 
albumin fraction may be separated thus giving a solution osmoticaliy 
more active than plasma. The globulins may be used for their anti- 
body content to induce immunity. The fibrin may be separated for 
use as an hemostatic agent or to form fibrinogen plastics which are 
tolerated by the tissues and may be used for the repair of dural or other 
defects. 

'Various colloidal solutions have been suggested as substitutes for 
human plasma but have not proved satisfactory partly because of their 
inadequacy for maintaining the blood volume but chiefly because oi 
their toxicity. Among these blood substitutes may be mentioned gum 
acacia, purified albumin from beef blood, gelatin, pectin, periston, etc. 

Preparation 
U. S. P. 

Serum Humanum Norsiale, normal human serum. Average dose, 500 cc. 
intravenously. 
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4. PROTEIN HYDROLYSATES 

Proteins are the basic constituents of protoplasm and constitute one 
of the essential foodstuffs. In malnutrition, diseases of the liver, nephro- 
sis and other conditions in which the synthesis of protein is deficient or 
excessive amounts are lost from the body, hypoprotcincmia results. In 
this condition as well as in individuals in whom a readily available 
source of protein is desired, the use of protein hydrolysates is recom- 
mended. These may be administered cither orally or parenterally and 
consist chiefly of amino acids, and low molecular polvpcptid hydrolytic 
degradation products prepared by hydrolysis of mixtures of milk, beef, 
wheat and bean proteins. They furnish all of the essential n in mo-acids 
for the synthesis of tissue and blood protein in a readily assimilable form. 

Protein hydrolysates or amino-acid preparations are available in 
powder form or as solutions for parenteral administration. 

Among the specific amino-acids which constitute the protein molecule, 
methionine is of therapeutic interest because of its lipotropic action 
which has led to its use in cirrhosis of the liver and hepatitis. Its exact 
status in the therapy of these conditions is however, still uncertain. 

Reactions may be observed following the administration of protein 
hydrolysates intravenously although these are levs apt to occur with 
some of the improved purified forms now available. It is possible by 
their use to maintain satisfactory nitrogen balance in patients who are 
able to take little or no protein by mouth or those who Iom* excessive 
amounts of nitrogen. 

DIAGNOSTIC AGENTS 

Several toxins, antitoxin'*, viruses ami other protein derivatives of 
pathogenic organisms have l>eon prepared for use as diagnostic* agent*. 
These depend for their action on the fact that the reaction to their 
intrndennal injection i* dependent on the state of immunity of the 
organism. Thus in the Schick test a sp-cially prepared diphtheria toxin 
is injected intradcrmdly. An arv.i of redness at the die of injection will 
develop in individuals who arc not immune to diphtheria. The to** of 
scarlet fever streptococcic toxin i* iwl in a similar way for the Hid. 
test. The scarlet fescr streptococcus antitoxic senitn which is u*cd to 
ptaxlucc p«r*«i\r immunity in this di-cav i* nN» tt‘ol in the SthuJfr- 
Charlton skin te-t to differentiate the rn»h of «cnrlrt fever from other 
eruptions. A di»nppe«mmv of the r.ash at the *itr t-f injection i* path- 
ognomonie of scarlet fever. 

TnWrculin, which is prepared in a variety of forms t* ti»nJ a* a 
diagnostic agent in person-* Mi»prct<d t»f basing thi* di«-asr. Tl.** inetr 
existence of a positive reaction d tv<t indicate that the ha* 

the dise.a'r m an active form, l'atient' with far advanc'd or rajMly 
pnsgrrs'isr ndwrrtilnd* may, on the other hand, give a negative reac- 
tion. Tulx-miUn »' tiusl <hirffy in large *ed r testing, a tvgjtiu 

reaction indiratirg the a!»*rner- »f idin'ra! tOcnjl • t*. «•!*• tV-e 
showing a positive Trsrti”n l^ieg »**•<-! rd t<« h«-n*ge** 1 •g'-'tl exsrr/*.*- 
ti-W Abo in ra**'* of tn’wrrs.! >*i'. tl r fs*f i*r to five j» pej* 

ti\r rrarti m J rljc to rXrlode ttibmii >'i» h tl c ili^Cr: tisl d:*g*r»-’t 
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Other useful antigens > used as diagnostic agents are the virus of 
lymphogranuloma inguinale (Frei test), and bacterial proteins derived 
from Trichinella and Coccidiomycosis used for detecting present or 
past infection with these organisms. In this connection mention may 
also be made of a variety of chemical agents which are used for determin- 
ing the functional state of different organs. Thus the rate at which 
phenolsulfonphthalein is excreted following its injection is used as a 
kidney function test. The rate at which sodium sulfobromophthalein 
disappears from the blood is used as a test for liver function. Various 
compounds may be used for other clinical tests, but for the details of 
these the reader is referred to texts on laboratory procedures. 

Preparations 
U. S. P. 

Toxinum Diphtuericum Diagnosticum, diphtheria toxin for the Schick 
test. Average dose, 0.1 cc. intracutaneously. 

Toxinum Scarlatina Streptococcicum, scarlet fever streptococcus toxin 
for the Dick test. Average dose, 0.1 cc. intracutaneously. 

Tuberculinum Pristinum, old tuberculin. Average dose, diagnostic, 0.000,01 
to 0.001 cc. intracutaneously; therapeutic, 0.000,000,01 to 0.000,001 cc. sub- 
cutaneously. 

Phenolsulfonphthaleinum, phenolsulfonphthalein. Also available as 
Injectio Phenolsulfonphthaleini. Average dose, 6 mg., intramuscularly or intra- 
venously. 

Sulfobromophthaleinum Sodicum, sulfobromophthalein sodium. Also 
available as Injectio Sulfobromophthaleini Sodici. Average dose, 2 mg. per 
kilogram of body weight, intravenously. 

B. P. 

Toxinum Diphthericum Diagnosticum, Schick test toxin, and Toxinum 
Diputhericum Califactum, both by intradermal injection. 0.2 mil. (3 mm.). 

6. VEGETABLE TOXALBUMINS: RICIN 

Some albumins found in plants and of a highly poisonous nature resemble the 
toxins produced by bacteria both in their physiological actions and in their 
immunity reactions. Indeed, the investigation of their effects has played an 
important part in the advancement of knowledge of the corresponding effects 
of bacterial toxins. The most important of these vegetable toxins are Ricin, 
Abrine and Crotin, and they can be conveniently considered in juxtaposition to 
the bacterial toxins. 

Ricin is an intensely poisonous albumin found in the seeds of Ricinus com- 
munis along with castor oil, which does not itself contain this principle, however. 
Ricin is poisonous in doses of about rsW mg. per kilogram body weight 
injected subcutaneously, but seldom causes any symptoms when swallowed, 
as it is apparently destroyed for the most part by the digestive ferments. At 
is thus among the most powerful of the vegetable poisons when it is injected 
subcutaneously. Death often occurs only several days after the injection in 
animals, and in the interval no symptoms make their appearance except some 
loss of appetite, and toward the end, diarrhea and vomiting. Postmortem, the 
bowel is found inflamed and congested and contains ecchymoses; blood is found 
in the serous cavities, and extravasations may occur in various other organs, 
although not so uniformly as in the bowel. Among the most obvious lesmns 
are the innumerable ecchymoses in the great omentum and the swelling of the 
abdominal lymph glands, which generally contain numerous small hemorrhages. 



CLASSIFICATION OF DRUGS ACCORDING TO 
THEIR THERAPEUTIC USES 


I. Drugs applied for their local action to 
the skin, wounds, or visible mucous 
membranes. 


Corrosives or caustics. 

Nitric acid, 90 
Silver nitrate, 134 
.Zinc chloride, 120 
Chromic acid, 148 
• Alum, 122 
Arsenic, 175 
Trichloracetic acid, 91 
PHanol, 778 * 

Salicylic acid, 695 
Iodine, 75 

- Carbon dioxide snow, 99 


Irritants. 

Chloroform, 291 
Turpentine oil group, 202 
Mustard, 203 
Cantharides, 204 
Camphor, 209 
Menthol, 213 
Iodine, 75 
Ammonia, 58 


Disinfectants and antiseptics. 

Detergents, 777 
Hydrogen peroxide, 790 
Permanganate of potassium, 791 
Phenol, 778 

Mercuric salts, including organic 
mercury compounds, 785 
Silver nitrate and organic silver 
compounds, 788 
Boric acid, 792 
Iodine, 796 
Iodoform, 797 
Cresol, 783 

Hypochlorites, chloramine, and 
other chlorine derivatives, 799 
Tar, 805 


Antiseptic dyes, 800 
Sulfonamides, 725 
Antibiotics, 743 
(824) 


Disinfectant or irritant ointments in 
parasitic skin diseases. 
Mercury ointments, 144 
Sulfur ointment, 80G 
Tar, 805 

Benzoin, styrax, and Peru bal- 
sam, 807 
Naphthol, 804 
Resorcin, 805 
Pyrogallol, 802 
Clxrysarobin, 803 
Pyrethrum, 814 

Astringents. 

Tannic acid series, 224 
Iron preparations, 113 
Bismuth preparations, 156 
Zinc sulfate and oxide, 120 
Copper sulfate, 117 
Alum, 122 
Alcohol, 265 

Styptics. 

Soluble astringents (see above). 
Ferric chloride, 113 
Alum, 122 
Silver nitrate, 134 

To contract vessels and reduce hemor- 
rhage and swelling. 
Epinephrine and substitutes, 
485 

Ephedrine, 497 

Benzedrine, 500 • 

Emollients or proleciives . 

Adeps, petrolatum, 193 
Plasters and collodia, 196 
Dusting-powders — starch, talc, 
chalk, iodoform, and many 
insoluble metallic powders, 
which may also he slightly 
astringent, 194 

Local anodynes and analgesics for patn 
and ticking. 

Bicarbonate of potassium or 
sodium, 80 

Cocaine, procaine, eucaine, 
thoform, etc., 404 
Phenol, 778 
Chlorbutanol, 314 
Belladonna, 463 . . 

Some volatile oils (in dentistry)- 
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Local anesthetics. 

Cocaine, procaine, etc., 404 
Cold by evaporation of ethyl 
chloride, 421 

Drugs administered internally to in- 
crease the secretion of perspira- 
tion [diaphoretics or sudonfics). 
' Pilocarpine, 459 
Ipecacuanha, 720 
Ipecacuanha and opium (Dover’s 
powder), 720 

Dmgs administered internally to lessen 
secretion of perspiration. 
Atropine and belladonna. 463 

U. Drugs used for affections of the ali- 
mentary tract. 

Mouth and Thuovt. 

Demulcents. 

Liquorice, 191 
Acacia, 193 

Astringents. 

Tannin group, 224 
Iron, 113 
Alum, 122 

Antiseptics. 

Boric acid, 792 
Perborates, 793 
Volatile oils, 20S 
Hydrogen peroxide, 790 
Silver compounds, 7 S3 
Sulfonamides, 725 
Antibiotics, 743 

To lessen salivation. 

Atropine, 463 

Flavoring substances 
Sugars, 215 
Volatile oils series. 207 
Acids (citric), 92 
Saccharin, 215 

Stomach, 

Digestives. 

Dilute hydrochloric acid, 

GO 

Pepsin, 220 
l’ancreitin. 221 

Emetic t. ^ 

Apomorphinc, 363 * 
Iperscunnhs. 717 
Sodium chloride, 43 
Mu'ianJ, 203 
Warm water. 

Tartar emetic, I62_ 

Copper aul/ate. 117 
2inc 1 1 P 


To lessen irritation or vomiting. 
Opium, 329 
Colorbutanol, 314 
Bromides, 366 
, Lime-water, 63 
Bismuth, 156 
Cold (ice). 

Carbon dioxide waters, 90 
Demulcents, 191 
Barbiturates, 316 

To lessen acidify. 

Sodium bicarbonate, SO 
Magnesium oxide and car- 
bonate, 65 
Lime-water, 63 
Calcium carbonate, 63 
Bismuth subcarbonate, 156 
Aluminum hydroxide, 122 
Magnesium silicate, 65 
Aluminum phosphate, 122 

To increase secretion. 

Simple biffers, 2IS • 

Mux vomica, 3S7 
Cinchona, G97 

Caminatiees. 

Volatile oils, 207 
Alcoholic preparations, 266 
Carbon dioxide waters, 96 
Bicarbonates. 7S 
Camphor, 200 
Charcoal, 227 

Intestine 

To promote digestion. 

Pancrcatin, 221 

To promote evacuation -purgn- 
fuer. 

Mild aperients— ca'tor oil, 
231 

Sulfur, 232 

Phenol phthalcin, 233 

Agar-agar, 2U 

Liquid petrolatum, 232 ' 


Ithubarb and aloes group, 
233 

Saline purgative?, 230 
Mercurial purgafnes—enlo- 
mri and metallic mercury 
preparation?, 139 
Glycerin euppon tones, 232 
Knemata. 

In intettinal tf.'ony. 

Pituitary extract, 531 
Physostijrr.tne. 451 
Necotignme, 4 "A 

To lessen rwemeni. 

Opium, 2Tl 
Tannic aril aeries. III 
linratjth Mils, 1 Vi 
Atropine Ito relax »r“**n). 
4M 
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To destroy parasites — anthelmin- 
tics. 

Male fern, 75S 
Santonin, 7GI 
Pellcticrinc, 759 
Carbon tetrachloride, 701 
Ethylcnctctmchloridc, 760 
Oil of chcnopodium, 760 
Hexylrcsorcinol, 766 
Thymol, 760 
Quassia enema, 219 
Gentian violet, 767 
Phenothinzinc, 767 
Ficin, 767 

Antiseptics. 

Mercurial purees— calomel. 
142 

Vegetable purgatives (castor 
oil), 231 

Sulfonamides, 739 


m. Drags used for their effects on the 
circulation. 

IlEAhT. 

To strengthen contraction. 
Digitalis, 612 
Strophanthin, 703 

In auricular fibrillation and flutter 
Digitalis, 612 
Quinidinc, 70S 

To accelerate pulse. 

(Atropine, 463) 

(Caffeine, 393) 

To slow the pulse . 

Digitalis, 612 
Quinidine, 70S 
Mccholyl, 447 

Vessels. 

To contract vessels or raise blood- 
pressure. 

Epinephrine (intravenously 
or subcutaneously), 485 
Ephedrine and substitutes, 
497 

To relax vessels and lower blood- 
pressure ( angina pectoris ). 
Nitrites, 642 

Theobromine and Theophyl- 
line preparations, 400 
Papaverine, 349 

To arrest internal hemorrhage. 
Opium and morphine (to al- 
lay restlessness), 329 
Ergot, 507 


To remore fluid ( dropsy , ana- 
sarca). 

Digitalis, 612 
Diuretics. 

Theobromine, 401 
Saline cathartics, 239 
Mcrbaphcn and Salyrgan 
(Mcrsalyl), 143 


IV. Drugs used for their effects on the 
genlto-urinary system. 

To increase the flow of urine (diuretics) 
Caffeine nnd theobromine, 393 
Digitalis, 612 
Saline diuretics, 53 
Citrates, acetates, 53 
Mercury— calomel, merbaphen, 
salyrgan (Mcrsalyl), 143 
Water, 53 
Urea, 53 

To lessen the flow of urine in diabetes 
insipidus. 

Pituitary preparations (subcu- 
taneously or into nasal cavity), 
531 

To render the urine less acid. 

Alkali bicarbonates, 7S 
Acetates, S3 
Citrates. 83 

To make the urine more acid. 

Acid sodium phosphate, 60 
Acids, 86 

Ammonium chloride, 56 
Mnndelic acid, 809 

7'o render the urine antiseptic. 
Sulfonamides, 725 
Methenaminc, SOS 
Penicillin, 743 
Mandelic acid, 809 
Streptomycin, 751 

Local antiseptics; silver com- 
pounds and potassium per- 
manganate (applied locally;, 
771, 802 

Sulfonamides, 725 
Penicillin, 743 

To promote contraction of the uterus 
( ecbolics ). 

Pituitary extract, 531 
Ergot, 507 
Quinine, 708 
Castor oil, 231 
Ergonovine, 515 

To promote menstruation (emmeno- 

gogues). 

Iron, 111 
Aloes, 233 
Estrogens, 564 
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V. Drugs used for their effects on the 
respiratory system. 


To stimulate the respiratory center. 
Caffeine, 393 • 

Atropine, 4G3 
Strychnine, 379 

Carbon dioxide, 5 to 10 per cent, 

Piprotoxin, 3S9 
Nikethamide, 392 
Metrazol, 392 
Cyanide, 663 


To reduce the irritability of the center 
in cough. 

Opium, morphine, and codeine, 
329 

Dihydromorphinone, 349 

To increase and liquefy the bronchial 
secretion. 

Ipecacuanha, 717 
Tartar emetic, 161 
Ammonium chloride, 56 
Squills, 612 

Ammonium carbonate, 56 
Iodides of the alkalies, 70 
Terpene hydrate, 207 

To relax bronchial spasm in asthma. 
Epinephrine, 485 
Epheurine, 497 
Belladonna and atropine, 463 
Nitrites, 642 
Iodides, 70 . 

AmmophylJine, 400 

Pulmonary antiseptics. 

Sulfonamides, 725 
Penicillin, 743 


71. Drugs used for their effects on the 
central nervous system. 

Stimulants. 

(a) The spinal cord. 

Strychnine, 397 

(i>) The brain and medulla oblon- 
gata. 

Caffeine, 393 
Atropine, 4G3 
Picrotoxin, 339 
Metrazol, 392 


Depressants. 

(a) General anesthetics 

Ether, chloroform, ethyl 
chloride, nitrous oxide, 
ethylene, etc., 269 


(b) Hypnotics or narcotics. 
Opium and morphine, 329 
Chloral group, 310 
Barbituric acid series, 316 
Bromides 366 
Scopolamirle, 476 
Isoapecaine, 358 

(c) In epilepsy. 

Bromides, 36G 
Phenobarbital, 316 
Phenytofn, 373 
Tridione, 377 


Surgical anesthetics. 

(a) Chloroform, ether, 269 
Ethyl chloride, 291 
Ethylene, 300 
Nitrous ovide, 295 
Cyclopropane, 303 
Divinyl ether, 292 
Pentothiif sodium, 32G 
Tnhromethanol, 305 
(h) Barbituric acid series, 316 


To relieve pam—analgesics or ano- 
dynes. 

Opium, 329 
Antipyretics, 673 
Salicylates, 6S7 
Neocinchophen, 669 
Isonipecaine, 358 


In headache. 

Antipyretics, 673 
Acetylsahcylic acid, 692 
Caffeine, 393 
Bromides, 3CG 

. , Ergotamine (migraine), 507 


Vn. Drugs used to reduce fever tem- 
perature. 

Antipyretics, 673 
Quinine, G97 
Salicylates, 6S7 

In chills 

Alcohol, 252 

Ipecacuanha and opium (Dover's 
powder), 720 


Vttt Drags used for their effects on the 
liver. 

To increase the secretion oj bile — 
cholagoguet. 

Bile salts, 222 
Debydrocholic aeid, 223 

For their lipotropic action 
Chobne, 444, G01 
Methionine, 821 
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IX. Drugs used for their effects on the 
blood. 

To increase the hemoglobin. 

Iron, 107 
Copper, 115 

To increase the number of red blood 
cells in pernicious anemia. 
Liver preparations, 573 
Stomach preparations, 578 
Folic acia, 501 

To reduce leucocytosts and crythrocy- 
tosis. 

Irradiated phosphorus, 152 

To increase the acid. 

Ammonium chloride, 5G 

To increase the alkali. 

Alkali carbonate group, 78 
Acetates, citrates, and lactates, 
83 

To increase coagulability. 

Vitamin K, 610 

To decrease coagulability. 

Heparin, 5S0 
Dicumarol, 5S1 

X. Drugs used for specific diseases. 

In malaria. 

Quinine, C97 
Quinacrine, 711 
Pamaquine, 714 
Chloroquin, 71 G 

In pneumonia. 

Sulfonamides, 725 
Antipneumococcus serum, 818 
Penicillin, 743 

In syphilis. 

Penicillin, 743 
Mercury, 142 
Bismuth, 154 
Iodides, 70 
Arseni cals, 177 

In diphtheria 

Antidiphtheritic serum, 818 
Penicillin (?), 743 

In tetanus. 

Antitetanic serum, 818 
Morphine, 329 
Barbiturates, 316 
Chloral, 310 

Magnesium intraspinally, 65 


In cerebrospinal meningitis. 

Antimcningococcus serum, 818 
Sulfadiazine, 728 
Penicillin, 743 

In amebic dysentery. 

Ipecacuanha, 717 
I’me tine, 720 
Diodoquin, 724 
Vioform, 724 
Chiniofon, 724 
Carbarsonc, 722 

In rheumatic fever. 

Salicylates, G87 
7n thyroid diseases. 

Thyroid extract, 540 
Iodides, 70 
Iodine, 70 
Thiouracil, 548 

In trypanosomiasis. 

Arsenic, 177 
Antimony, 1G0 
Gcrmanin, 185 

7n gout. 

Colchicum, GGO 
Neocinchophcn, 669 

In hypoparathyroidism. 

Parathyroid extract, 549 
Dibj'drotachystcrol, 552 
Calcium salts, 59 

In adrenal cortical insufficiency. 
Adrenal cortical extract, 553 
Desoxycorticostcronc, 554 

In ovarian deficiencies. 

Estrogens, 5G4 
Progesterone, 570 
Gonadotropins, 5G4 

7n gonorrhea. 

Penicillin, 743 
In rickets and osteomalacia. 

Cod-liver oil (vitamin D), GOO 
Halibut liver oil, G07 
Viosterol, 60S 

In diabetes mellilus. 

Insulin, 558 
In beri-beri. 

Thiamin, 591 
In ariboflavinosis. 

Riboflavin, 593 

In scurvy. 

Vitamin C, 602 
In pellagra. 

Nicotinic acid and its amide, o 
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In leprosy. 

Chaulmoogra oil, 650 
Hydnocarpus oil and eaters, 651 
Promin, 651 

XI. Drugs used locally for their effects 
on the eye. 

, Astringents, Section I. 

Disinfectants, Section I. 

Caustics, Section I. 

Anodynes and anesthetics, Section I. 


Drugs dilating the pupil and relaxing 
the accommodation — mydriatics. 

Atropine, 463 
Homatropine, 47“ 

Scopolamine, 476 
Cocaine, 404 
Benzedrine sulfate, 500 


Drugs contracting the pupil and the 
ciliary muscle— rnyotics. 

Phyeostigmine. 451 
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Abortifacients, lead salts as, 125 
volatile oils as, 209 

Abortion, following use of salicylates, 0S9 
induced by volatile oils, 209 
in lead poisoning, 125 
threatened, use of progesterone in, 571 
use of vitamin E in, 610 
Abrine, 822, 823 
use of, as irritant, 201 
Abrus precatorius, 823 
Absinthe, 210 
oil of, 207 

Absorption, of ammonium salts, 57 
of iodides, 71 

See also under specific drug 
Acacia, 51, 192 
Aceta, 37 

Acetanilide, 673, 674 
series, 673-687 
Acetanilidum, 6S6 
Acetarsol, 186 
Acetarsone, 185, 722 
Acetates, 83 
Acetic acid, 90-91 
Acctomenaphthonum, 805 
Acetophenetidin, 6SG 
Acetophenetidinum, 686 
Acetum scilla?, 640 
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antagonism to atropine, 466 
Acetylene, 293 
Acetylhomocholine, 447 
Acetylmorphine, 350 
Acetylsalicylic acid, 6S6, 687, 688, 692- 
693, 695 

Acetylsulfadiazine, 736 
Acetylsulfamerazine, 736 
Acetyl-sulfanilamide, 730, 732 

use of, in urinary tract infections, 738 
Acetylsulfapyridine, 736 
Acetylsulfatniazole, 736 
Acetyltannic acid, 226 
Achylia gastrica, 89 

Acid sodium phosphate, use of, with 
methenamine, 80S 

» ’ • * • '• "C 


. .17, 735 

treatment of, 84 
Acids, 86-92 

See also under specific acids. 

Acidum acetieum glaciale, 91 
acetylsalicylicum, 695 
ascorbicum, 605 
(830) 


Acidum ben; 
boricum, < 
hydrocbioricum, 91 
hydrocyanicum dilutum. 666 
mandclicum, 809 
nicotinicum, 597 
nitricum, 90 
salicylicum, 695 
sulphuricum, 90 
tannicum, 227 
Acne, use of resorcin in, 805 
Acocanthera, 612 
Aconinc, 653 
Aconitine, 652-654 
Aconitum, 654 
ferox, 652 
jnponicum, 652 
lycoctonum, 653 
napellus, 652 
Acridine, 801 

dyes, as antiseptics, 801 
Acnflavina, 802 
Acriflavine, SOI 
Acri-violet, 774 
Acromegaly, 528 
Actinomyces antibioticus, 753 
lavendula?, 753 
griseus, 751 
Actinomycin A, 753 
Actinomycosis, 738, 746 
use of iodides in, 74 
Adalin, 373 . 

Adams-Stokes syndrome, use of barium 
in, 64 

use of paredrine in, 505 
Addison’s disease, 55 

treatment of, 556-557 
Adeps, 194 
benzoinatus, 195 
lanaj, 195 
hydrosus, 195 
Adhesive plaster, 196 
Administration, methods of, of drugs, 
Adonis vernalis, 612 
Adrenal cortex, 553-558 
extracts of, 553-558 
action of, 554-555 
chemistry of, 553-554 
therapeutic use of, 556-557 
cortical extracts. See Adrenal Cortex 
medulla, 557 

Adrenalin. See Epinephrine. 

Adrenaline. See Epinephrine. 

Adrenergic action, 494 
Adrenine, 485 

* ’ - i cc 4 

ituitary, 529 
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«tter, 293 

“{fyjenmn 302 

cSifm am,n ° ben7Ms . 422 

'ffutoioograa 65 , 
chloridum, 294 

ot'dujn^ 294 

fSv or i ph i. na? ' 355 
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TOicin, 479 
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Tuscan u% 440 

^S^iv 070 ’ 077 
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f'nyl, 268 
butyl, 268 
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A tS'>r'“'^ teln ’ oss 
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on, 280 ’ ac * lon °t anesthetics 

338 


°P. lur n derivatives , 

A. l afr V “” d ' ,l »" SO "’ 2 ° S 
^SpIV 61 

Allah"'' “ ‘ {» b "fs. 84 
.,«aervo“o h ,K1,te ° f ' 59 
Alkaioidi’ SS 

Allalo3i 3i 82 

Allas™) S 122 Um ^karbonate, 81 
7^ use or - a - . 

rflllfJl/PjioAine, 77 
J||‘rin, 7ss stamme 

fe”; 563 

A W 234 1 24s r ’ P° is °ning by, 663 
re Parati on3 of, 245 


i Aloin, 234 
I Alpha-naphthol. S04 
J AIsoI, 122 
Alum, 121-122 

S,” oTi2wS ,de ' “ s M,ac,d ' 81 

uses of, 122 

AtaSf I “ 2 , 2 d “ slil 'SP“»* r, lW 
Alupin hydrochloride, 415 
A1 urate, 318 
Amanita muscana, 440 
' Ua^Tls’ 10 cbronic a lc°l>oI»sm, 264 
. tob.acco, 439 

| Ameba, action of emetine on 719 
J Amebiasis, 719-721 

use of carbarsone in, 722 
of emetine in, 720-721 

I _ of quinoline derivatives in, 724 
Amidopynna, CS7 
Amidopyrine, G73 
Aminoacndine, 801 


j Anuuopyrina, o»6 
Ammopyrine, G73 
|Aminoquin naphfhoate, 716 
Ammonia, 85-86 
excretion of, 88-89 
spirits of, 59 
I substituted, 58 
Ammonn bicarbonas, 86 
carbonas, 86 
Ammonium, 56 
acetate, as diuretic, 53 
benzoate, 697 
bicarbonate, SC 
carbonate, 85-86 
chloride, as diuretic, 52 
preparations of, 59 
therapeutic uses of, 58 
use of, with methenamine, SOS 
citrate, as diuretic, 53 
derivatives of alkaloids, 427 
ichthosulphonate, 806 
mandelate, 809 
salts of, 56-59 

( therapeutic usesof, 58 
Amoeba, effect of quinine on, 69S 
Amphetamine, 500-502 
sulfate, 500 

I therapeutic uses of, 501 
' Amydricaine, 415 


use of, in lead colic, 126 
Amylcame, 415 
Amylene hydrate, 314 
Amyleni hydras, 315 
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Amylis nitris, C49 
Amylsine hydrochloride, 415 
Amylum, 193 
Amytal, 318, 328 
Awa.bas\tte, 420 
Anabasis aphylla, 429 
Amcsthesia. See Anesthesia. 
Anccsthesine, 422 
Anaesthetics. See Anesthetics. 
Anagallis, 221 
Anagrine, 429 
Anagyris fcetida, 429 
Analeptic, 389-392 
use of camphor as, 212 
Analgcn, 673 

Analgesics, antipyretics ns, GSG 
isonipecainc as, 358-301 
morphine as, 351 
opium as, 351 

Anaphylaxis, r61e of histamine in, 519-1 
Anayodin, 723, 724 
Ancylostoma duodenale, 757 
Ancylostomiasis, 757, 760 
Andira araroba, 803 
Androgens, 571-573 
Androstcrone, 571 
Anemia, Cooley’s, 111 

due to cobalt deficiency, 149 
hemolytic, following sulfonamide th 
apy, 735 

hypochromic, 112 

in lead poisoning, 125 
Mediterranean, 111 
nutritional, 602 
use of copper in, 111, 117 
use of iron in, 111 
Anesthesia, 307 

apparatus for administering, 287 
caudal, 421 
by cold, 202 
dangers of, 285 
gas machine for, 298 
infiltration, 419 
local by venous injection, 419 
See also Local anesthetics, 
by magnesium salts, G5 
by physical methods, 421 
practical aspects of, 289, 299 
premedication in, 307 

E rin ci pies of, 2S7 
y refrigeration, 421 
regional, 419 
signs of, 271 
spinal, 419 
surface, 417 
terminal, 418 
use of barbiturates in, 326 
morphine in, 353 
oxygen in, 94 
Anesthesin, 415 
Anesthesine, 422 
Anesthetics, avertin as, 305-306 
chemistry of, 251 
choice of, 284 
comparison of, 308 
cyclopropane as, 303 
deaths from, 285 


Anesthetics, ethylene as, 300 
general, 2G9-310 
local, 401-423 
chemistry of, 412 
nitrons oxide ns, 295 
therapeutic uses of, 290 
Ancurin, 593 

Aneurinrc hydrochloridum, 593 
Angina, agranulocytic, G7G 
pectoris, use of nitrites in, G48 
use of xanthines in, 401 
Angioneurotic edema, G2 
Anhydro-oxyprogcsterone, 570 
Anhydrotics, tclluratcs as, 151 
Aniline, G73 

Anions, miscellaneous, GG 
Anise, 21 G 
Anoxia, 93-91 
Antacids, 81 
aluminum salts ns, 121 


papain ns, 222 
Anthiomnline, 1G3 
Anthracene, 233 
purgatives, 233 
Anthraquinone, 233 
Anthrax, 74G, 747 
Antiamebic drugs, 717-725 
Antianthrax scrum, 819 
Antiarin, GIG 
Antiaris, GIG 
toxicaria, G12, G16 
Antibiotics, 743-75G 
Antibodies, 81G 

. r 0*0 


Antidysentcry serum, 41, 819 
I — -- o*^ 


compounds of, 160-165 
organic, 162-165 
penta valent, 164 
toxicology of, 160 
tn valent, 163-164 
potassium tartrate, 160 
preparations of, 165 
sodium tartrate, 165 
sodium thiogly collate, 162-163 

Antinosine, 798 

Antipneumococcic serum, type epec iD 
819 

Antipyretics, 673-6S7 
action of, 677-683 
chemistry of, 673 
preparations of, 686-687 
site of action of, 677 
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Antipyretics, symptoms of, 674 
therapeutic use oL 6S3-6SG 
toxicity of, 676 
Antipyrina, 6S6 
Antipyrine, 673 
action of, C7C 
series, C73-6S7 

Antirachitic vitamin, 41, 605-C09 
Antisepsis, 771 
Antiseptics, 771-814 
alcohols os, 263 
aluminum salts as, 121-122 

use of sulfonamides as, 729- 


S3 


mercury as, 13S 
See also under specific drugs 
Anti-snake biter serum, 819 
Anti-sterility vitamin. G09 
Antitoxins, 818-820 
standardization of, -41 
See alto under specific drugs. 
Antitoxmum diphthericum, 819 
Chdematicns, 819 
Scarlatina) streptococcieum, 819 
staphylococci cum, S20 
Tetanicum, 819, 820 
v ibno septicum, 820 
uclchicum, S20 
Antivenin antitoxin, 819 
Amina, in mercury poisoning, 130 , 140 
Apalachc tea, 391 
Aperients, nuld, 231-233 
preparations of, 244 
sugar ns, 214 

Aphrodisiac, alcohol ns, 203 
cantharidin os, 20 ( 
use of yohimbine as, 059 
Aphtlue, use of boracic acid in, 793 
potassium chlorate in, 790 
Apoatropinc, 401 
Apocodcinc, 3C1 
Apocj’mmi cannabimun, 012 
Ajjomorphine, 303 305 
use of, in alcoholism, 2G5 
Apothesine, 415 
Aqua tofnua, 105 
Aqu», 30, 21 7- 21 S 
Aqueous preparations. 30 
Am Lin, 193 
Amhinic arid, 193 
Aralen. 710 
Arlmiin, -ira 

ArctiMaphxfoa nvx nr«i 4 403 
An-ea catechu, 4C2. 701 
. Wit. 7C-I 
Areeohne, 402, 701 
Argenti nitrw. 134 
Argentopnitfimim. 790 
Argentum pmlnninim Oorte, 790 
. I i»Se, 7£K) 

•J I’d tune, fin; 

Argx n, 7*9 
Argtria, 132 133. 7S9 

AM »,«j| 

Anstfti. 7JV, 

Afomati- ehxir. 20S 
Arurjxli^i, 77i 
M 


Arrow poisons, 012, OIC 
Arsenic, 105-3 S7 
acid, 1GG 
caters, 173 
excretion of, 174 
metallic, 1GG 

organic compounds of, 177- JSC 
toxieolog} of, 17b 
poisoning bv, acute, I GO, 170 
chronic, 1G7 
symptoms of, 1G7 
treatment of, 17G 

preparations of, inorganic, IG5 177 
, therapeutic uses of, 175 170 
sulfide, 1C5, 174 
! therapeutic use of, 175 170 
( tolerance to, 173 
toxieolog), 1G7-174 
trioxide, 1GG, 176 
use of, m syphilis, 1 70-187 
white, 176 

Arsemous acid, ICG, 177 
use of, as caustic, 175 
Arscniiircttcd h)drogrn, 174 
Arscnohonzol, ISO 
Arsenosophcnjl but)nc acid, 150 
Arsenophcnjlglycin, ISO 
Afscnotidc, 179 
Arsine, 174 
denvatnes of, 200 
Arsphmamina, 180 
Arephenanmic, 40, 179-182, 180 
mechanism of action of, 179 
toxicity tests of, 40 
Artemisn panciflom, 701 
Artemisin, 701 
Artcrenol, 500 

Arteno-srlerosss, uv of digitalis in, 635 
Arthralgia, lead, 127 
Arthnti*, rheumatoid, 73S 
u*c of gold in, 1 47 
Asafetida, oil of, 213 
Asngnra officinalis, f,5l 
Asramsis, 757, *ftl 
u*c of hex) rrtorcinnl in, 707 
Ajcamlol. 700 
A'cari'*, 706 

lumbncoidc*. 757, “69, 763 
1 Ascorbic nnd, 002 O’.’i 
I chemistry of, 002 00.1 

occurrence o'. fAl 
1 pathology of, mt 

1 preparations of, f/i« 

therapeutic i-*e of, fAl fAl', 

A*ep«n. 771 
A»{*crgilh'- acid, 75 1 
A»{'crKt!his cbvaii;*. 751 
lli \u*. 75 1 

A*p? )iis, from nrl<in ,\i ,n Jr, P? 

u*e of rarl*>n it -m *r »i», t*a 
A«pi tiria, 75** 

Arpi 1 v4. 75S 

A«t » ham all ar- m 7.*> 
f Jit r-**. 75a 
ci>cra a if. 757. 7> 7 ’»'* 
i c-'. 7'''’ 
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Aspidosamine', 659 
Agpidospenna, 659 
quebracho, 659 
Aspidospermntine, 659 
Aspidospermine, 659’ 

Aspirin, 687 -688 
Assay, of penicillin, 745 
Asthma, use of amyl nitrite in, 649 
diphenylhydantoin in, 377 
helium in, 100 
oxygen in, 94 
xanthines in, 401-402 
Astringents, aluminum salts as, 121 
bismuth salts as, 157 
copper salts as, 117 
heavy metals ns, 103 
tannic acid ns, 226 
zinc salts as, 119 
vegetable, 224-227 
A.T. 10, 552 

Atabrine. See Quinacrinc. 

Atebrin musonat, 714 
Atebrine, 711 

Atophnn. See Cinchophen. 

Atoxyl, 178 
Atropa belladonna, 463 
Atropamine, 464 
Atropine, 4G3-47G 

as antagonist, to muscarine, 442 
to physostigmine, 453 
to pilocarpine, 460 
as antidote, to aconitine, 653 
to epinephrine, 493 
to mecholyl, 449 
chemistry of, 463 
detection of poisoning by, 449 
preparations of, 484 
symptoms of, 4G5-474 
therapeutic uses of, 479-482 
tolerance to, 475 
use of, in anesthesia, 309 
Atroscine, 463 
Attar of roses, 207 
Aurantiaceaj, 207 
Aurantii amari cortex, 216 
Auricular fibrillation, 710 
use of digitalis in, 632 
use of quinidine in, 709 
flutter, use of quinidine in, 709, 710 
tachycardia, use of quinidine in, 710 
Avertin, 305-306 
Avidin, 599 

Azobenzene disulfonic acid, 800 
Azochlorannd, 799 

Azo dyes, use of, as antiseptics, 800-801 


B 

Bacillary infection, of intestine, 729 
Bacillus brevis, 753 
paratyphosus A, 817 
paratyphosus B, 817 
typhosus, 817 
Bacitracin, 753 

Baking soda See Sodium bicarbonate 
Bal, 176 


, Balantidiasis, use of earbarsone in, 723 
Balsam, 34, 771 
ns antiseptic, 807 
of Peru, J>07 
of Tolu, 697 

Balsamum Pcruvianum, 807 
Tolutanum, 807 
Barbaloin, 233 
Barbital, 318 
Barbitonc, 327 
Barbiturates, 310-327 
antagonism of, 322-323 
comparison of, 318-320 
dose of, 318-321, 325 
excretion of, 321-322 
pharmacological action of, 316-321 
poisoning by, 323 

picrotoxin ns antidote in, 391 
treatment of, 324 
preparations of, 327-328 
synergism of, 322-323 
Barbituric acid, derivatives of. Sec Bar- 
biturates. 

Barium, 64 

antagonism of, by magnesium, 65 
sulphate, 64 
Barley, 193 
water, 192 

Basedow’s disease. See Graves’ disease. 
Baths, therapeutic value of, 46, 40, 50 
“Bayer 205,” 185 
Bear berry, 403 
Beer, 268 
Becrw ort, 599 
Belladonna, 463-470 
, poisoning by, treatment of, 482 
I preparations of, 483-484 
j therapeutic uses of, 479-482 
Belladonninc, 4G4 
Benadryl, 521 
Benzaconine, G53 
Benzamine, 414 
Benzedrine, 500-501 
sulfate, 500 
Benzene, G62-CG3 
Benzestrol, 566 
Benzoates, 696-697 
Benzocrune, 422 
Benzoic acid, 696-697 
Benzoin, 697 

compound tincture of, 807 
Benzomum, 807 
Benzol, 662-663 
Benzoyl-ecgonine, 405 
Benzyl alcohol, 415 
benzoate, 697 
bromide, 206 
iodide, 206 

Benzylis benzoas, 697 
Berberine, 218, 657 
Bergamot, 217 
Beriberi, 591-592 
Beryllium, 151 
Betaeucaine, 414 
Beta-naphthol, 804-805 
Betel nut, 462 
] Betula lenta, 687 
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Bhang, 361 

Bichloride, of mercury, 785 
Bichromate, of potassium., 14S 
Btebrich scarlet, 800 
Bile, 222 

secretion of, effect of mercury on, 140 
effect of salicj Iate3 on, 691 
salts, 222-224 

use of, with vitamin K, 611 
Bilharziasis, 163 

Biochemistry, rfile of, itk pharmacology, 
13 

Biological assay, 38 

preparations in B. P. requiring, 40 
in U. S. P. requiring, 39 
Biologicais, 815-823 
Bios. 599 
Biotin, 599 -GOO 
Buch bark, 687 
Bismarsen, 183 
Bismo-cymol, 158 
Bismosol, 15S 
Bismuth, 15-1-159 
ethylcamphorate, 158 
preparations of, 159 
salts of, 154-IG1 
action of, 15G 
local action of, 1 55 
therapeutic use of, 156 
toxicity of, 154-156 
sodium tartrate, 158 
subcarbonate, 157, 150 
as antacid, 81 _ 

subnitratc, 157, 159, di- 
basic, 789 
subsalicylate, 15S 
tribromnhenate, 789 
use of, m syphilis, lo. ~ 15 ,rn 
Bismuth! et potassi tartras, i JJ 
snlicyhtts, 159 
subcarbonaa, 159 
aubnitras, 169 
Bitter almond*, 216 
orange peel, 210 
Bittern, simple, 218 
use of quinine as, »0‘ 

Bittersweet, 657 ^ 

BUck. draught, 2J*» 

B lick-tongue, 59.* m 
BUck-water fe\rr, .02 

il*e of qumirnne »r*. . »•> ... 

Bladder, effect^ of morphine on. •”* 
BLiMom>er*, 716 
dermatitis, 754 
Bland's piU*. *13 
lllt/mg-itaf. tk"> 

Blind *t«j 3 rr*, 1*» J . 

Blind nr**, folio" «*S «£• ** mfcl 
of prUetienne. .o* 

of Mbejtatr*, Gt“» 

Blwl. arid* »n, 5S 

...( inn of arwntr on, j , - 

of «-.!' i-v— 1 

content «, - - * 

».*«• intent .4, 370 
eJ,l W'«m> motent <-4, 
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Blood, effect of cathartics on, 24t 
effect of mcrcurj on, ,J4l 
effect of quinine on, 702 
effect of saponins on, 6o7 
effect of total bum! ns on, 823 
ether content of, m anesthesia, 2S0 
human, derivatnes of, 520 

lead content of, U6 

poisons affecting, 661 GG3 
solubility of nitrous oxide in, 2J5 
Blood -cells, stippled, 123 
BJood pressure, effect of alcohol on. 
of ammonium salts on, ou 
of anesthetics on, 273 
of camphor on, 211 
of digitalis on. 623 
ol ether on, 273 
of nitrites on, 644. 649 
of salicj Ulcs on, 690 
Blood-scrum, human, SOT 
Blood v esscU, effect of anesthetics o , 
of digitalis on, C23 
Blue mass, 14G 
ointment, 14G 
1 pill. 146 

Blumca bitsarmfera, -10 
' Body fluids, exclwngc of, « 
osmotic pressure of, 45 
Bone, fluondcs in, 68 

BfflS5ssas?aki«-.'« 

Boracicacid, 792-. 94 
Boral, 122 
Boro*. 70- .94 
j Bone acid, .92 .91 

! Bomcocamphor. - 0 

Borncol. -lt\ 21- 
Botulism antitoxin. 819 

B Prodijnosu*. *•»« 

Bnndj.268 . .. ,.n 

'••Bnwsfounden »cuc. *‘9 
Brossica n , , K r9 ;L*2 U 
emaj’oidc*. 203 

Brajrni. 75S 

anthelmintics. *;*' 

Bright'* di*es*e,^fc» 

! Bnllcxiit green. N« ... 

, British Anl»-U«» J 1 /* ,* l f v 
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, Bn>mare!-ne. tWJretxn’*. 

i Ummstr*. a* ‘ T.J., 
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Brommethylethylketone, 200 • 
Bromsulfalein, 235 
Bromural, 373 

Bronchi, action of epinephrine on, 491 
Bronchiectasis, use of oxygen in, 94 
Bronchitis, 70 
use of oxygen in, 94 
Broom plant, 428 
Broom-Clark method, 510 
Brucellosis, 73S 
use of sulfonamides in, 737 
of streptomycin in, 752 
Brucine, 379, 387 
Buchu, 403 
Uufagin, GIG 
Bufo ngua, GIG 
vulgaris, GIG 
Bufotalin, GIG 
Bufotoxin, GIG 
Bulbocapninc, 3G5-3GG 
Burbot liver oil, 58G 
Burnett's solution, 120 
Burns, 557 
acid, 87 

use of tannic acid in, 22G 
Butacaine, 413-414 
Butamin, 415 
Butesin, 415 
Butter-yellow, GOO 
Butyl alcohol, 2G8 
nminobenzoate, 415 
chloral hydrate, 314 
Butyn, 414 
Butyrylcholine, 447 
Buxine, 218 


C 


Cacao, 394, 402 
butter, 196 
Cachets, 38 

Cachexia thyreopriva, 541 
Cacodylates, 178 
Cadmium, 149 
Csesium, salts of, 55 
Caffeine, 394-402 
preparations of, 403 
therapeutic use of, 400 

in alcoholic intoxication, 205 
Cajuputi spiritus, 217 
Calabar bean, 451 
Calabash curare, 423 
Calabrine, 451 
Calamine, 120 
Calciferol, G06, 60S 
Calcii chloridum, G3 
gluconas, 63 
hydroxidum, 63 
iodobehenas, 77 
lactas, 63 
Calcium, 59-64 

blood, effect of parathyroid extract on, 
550 

in rickets, 605 
carbonate, 63 
use of, as antacid, 81 
as dusting powder, 194 


Calcium, chjoride, preparations of, 02, G3 
use of, ,in lead colic, 130 
deficiency of ? CO 

effect of desiccated thyroid on metab- 
olism of, 544 
gluconate, 02 
hydrate, 02 
hydroxide, 02 

metabolism of, in rickets, 605 
oxide, 62 

relation of, to vitamin D, 00 
requirements of, for adult, GO 
m pregnancy, GO , 

rAlc of, in body, 59 
in blood, GO 
salts, 59-64 
absorption of, 59 
action of, 59 
preparations of, 63-64 
therapeutic use of, G1 
use of, in hypoparathyroidism, 552 
Cali nuts, 451 

i -r — i-:.! pi 2 


v^uiuiwua, d.ii> 

Calumbin, 21S 
Camphor, 209-213, 3S9 
bromated, 212 
local action of, 210 
preparations of, 213 
therapeutic use of, 212 
Camphorated tincture of opium, 355 
Camphorol, 212 
Canadian hemp, 612 
Canadine, 218, G57 
Cana valin, 755 
Cancer, use of avidin in, 600 
use of radium in, 152 
Cane sugar, 214 
Cannabinol, 362 
Cannabis, 361-362 
Canquoin's paste, 120 
Cantnaridin, 204-205 
Cantharis vesicatoria, 204 
Capsaicin, 220 
Capsicum, 220 

Capsulm diethylstilbcstrolis, 569 
Capxanthin, 585 
Caraway, 210 
Carbachol, 449-450 
Carbacholum, 449-450 
Carbaminoylcholine, 449-450 
Carbarsone, 185, 722-723 
toxic effects of, 723 
Carbo activatus, 227 „ . 

Carbohydrate, metabolism of, in 
thesia, 283 _ . _ 7 o_ 

Carbolic acid, use of, as disinfectant, / • 
782 

Carbon, activated, 227 
dioxide, 96-99 
combining power, 58, 81 
preparations of, 99 
therapeutic uses of, 9S 
toxicity of, 97 . x . o«k 

use of, in alcoholic intoxication, * 
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Carbon monoxide, 99-100 


poisoning by, 94 

tetrachloride, as anthelmintic, 704-706 
preparations of, 70S 
toxicity of, 7G5 
Carbonate, of ammonia, SO 
of lime, G3 

of magnesium, 83, 246 
Carbonei tetrachloridum, 70S 
Carbonic acid. See Carbon dioxide 
Carbroroalum, 373 
CarbyLamines, G64 
Cardamomum, 21C 
Cardamon, 216 

Cardiac output, effect of alcohol on, 257 
effect ot digitalis on, G26 
effect of nitrites on, 644 
effect of water on, 47 
use of acetylene in determining, 293 
Card Lazo], 392 
Cardol, 206 
Cargcntos, 7S9 

Carminative, camphor ns, 210 
chloroform as, 291 
volatile oils as, 201 
Carotenosc, 5S5 
Carotene, 

international standard of, 5S8 
Cnrragccnin, 193 
Carragheen, 193 
Carrion's disease, 164 
Carron oil, 63 
Cimim, 216 
Oaryopln Hum, 21C 
Casca barl», 612 
Caseara aigrada, 234 
preparations of, 215 
Cam», 214 
cutifolia 243 
flnciMifoba, 215 
Castile mi j>, 196 
Castor oil, 231-232 

iodmntcd, 70 _ 

u-e of, tmIJi anthelmintic*, «Gl_ 

Ciutnte, effect of estrogens on, 567 
Catalepsy, from bid bocap nine, 36., 

Ci la pi wuna. 3S 
, lauhni, 197 

hSZ7-T r T r , ■n.w uv cjv^vj„ r ,=•' 

l'l.cool,MO ’ CUn-T-l™- 

Catechu, 226 
Cathartics, 22^ 217 
hidnj^igue, 236 
referenoes to, 217 
saline, 23*> 211 
Srt nb/i under rpeoifie drug* 
vanille, unteru'* a*. 175 
ehroinhim «.«, Us 
ntrv*-n». HI 
pot-T'h. M 
*dvcr rail* a*. 131 
12-1 

Ce <tral fjervrvs* »**»' 


Central nervous system, action of barbi- 
turates on, 316 
of camphor on, 23 1 
of hjpnotireon, 311 
of scuatn cs on, 31 1 
depressants of, 249 
effect of digitah.- on, 617 fill 
of licaw metals on, 106 
of morphine on, 331-331 
of nitrites on, 613 
of phenol on, 7M) 
of quinine on, 700 701 
of sahci liles on, GP0 69J 
stimulants of, 379 101 
See also under r-jiecific drug*. 
Ccphrrhne, 717, 720 
Cephrrhs ncuminatn, 721 
ipecacuanha, 717, 721 
Crphahne, 717, 720 
Cera, 193 
Ccrata, 31 

Cerates, 3S . , , , 

Cerebrospinal fluid, effect of «!<**! ol on. 
236 

Cerebrum, effect of quinine on, 7<lt 
Cerium, salts of, 152 
Cost ode*, 731 
CctAccum, 195 
CcvadilU, 631 
feed, 65 1 
Cexadilhnr, 651 
Ccvadine, 651 
Cctitamie acid, C02 605 
Chatomin, 755 

Chalk, aromatic powder of, 63, 
mixture, 63 64 
prepare! , 63 

Chanifrlirium Juteum, 636 
.Chamomile, 216 
Champagne. 26S 
} Chancroid, 73 s * 

Ohara*, 561 
Oiarroal, 227 22> _ 

I Chatilfrongra oil. 
i CKaulrroogrie acid, 6 A • ** 

! Chcdo-t*. 591 
I Chnrtnthu*, 61* 

Chereotherip' , 1 1 >b f “ * 'i**** *' • 
i pnn'Tl'- «'f. 22 23 
Cl enop-ohieir, 42*< , 

CUnofMh-im ar .Mwmwi 
7«Vt 

o,U4.757.76n 
• preparation* «, 

Cl.rrfW !oie* rv; .-xti>- 
dihtidr* in, 9- 
t O iii*»4oi>. 72.1 725 
ponder, 721 
n >V' h -u.-n, 725 
(t 2"6 

<‘t 1 n'rl-r^r ‘A 2* *" 

OWU 317 
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filer 


ii l*** 312 

<-• . ip ti de r 1 - 31" 

} id'ite. r «■ <*'. r ft' * 
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Vviuoreiia vulgaris, V&b 
Chlorellin, 755 

i f 40 

■ ■ ■ . ■ ■ ntiseptics, 

/ yy-euu 

use of, as disinfectant, 799-800, 812 
as war gas, 206 
Chloroazodin, 799 
Chlorobutanol, 314 
Chlorocresol, 784 
Chloroform, action of, 272 
effect of, on blood, 279 
on blood vessels, 278 
on heart, .277 
. on pupil, -SO 

on respiration, 273 
excretion of, 283 
preparations of, 294 
references to, 294-295 
symptoms of, 270 
use of, a3 anesthetic, 269-310 
Chloroformum, 294 
Chlorohydroxvtoluene, 784 
Chloroquine, 716-717 
Chlorosis, 111 
Chloroxylcnol, 784 
Chloroxylon, 205 
Chlorpicrin, 200- 
Chocolate, 394, 402 
Cholagogues, 222, 230 r 
magnesium sulfate as, G6 
Choleretic, bile salts as, 222 
Cholesterol, 606 
Choline, 444 445, 601 
^ethers of, 447 


poisoning by, 148 
trioxide, 148 _ 


Churnis, 361 
Cicuta virosa, 389 
Cicutoxin, 389 
Cinchona, 697, 707 
bark, G97 
succiruba, 706 


Cinchonamine, 704 
Cinchonidine, 097, G9S, 704, 706 
Cinchonine, 697, 098. 704, 706 
Cinch ophen, 6G9-G72 
Cinchophenum, 672 
Cineol, 761 
Cinnamic acid, C97 
Cinnamon, 210 
Cinnamomum, 21G 
Cinnamyl-cocaine, 405 
Circulation, effect of aconitine on, 653 
of alcohol on, 250 
of anesthetics on, 275 
of arsenic on, 170 
of atropin on, 474 
of barbiturates on, 317 . 
of caffeine on, 397 
of epinephrine on, 4S6-490 
of ergot alkaloids on, 512 
of heavy metals on, 106 
of histamine on, 521-522 
of morphine on, 336 
of nitntc3 on, 643 • 

of nitrous oxide on, 298 
of posterior pituitary extract on, 
532-533 

. of salicylates on, 690 
Circulation-time, 223 
Cirrhosis, of liver, alcohol in etiology of, 
261 

use of choline in, 445, 601 
Citrates, 83 
Citric acid, 92 
Citricin, 754 
Citrine ointment, 144 
Citrinin, 754 
Citrophen, G74 
Citryl phenetidine, 674 
I Claret, 268 
I Clavacin, 754 

Claviceps purpurea, 507 __ . . 

Clonorchiasis, use of gentian violet in, 70/ 
Clbrarsen, 185 
Clostridia infection, 738 
welchii, 746 

Clothing, disinfection of, 777, 810 

Cloves, 216 

Clysmata, 38 

Clyster^, 38 

Coagulants, 5S2 

Coagulation,. of blood, role of calcium m, 
61 

Cobalt, 149 
Cobefrine, 506 
Cobra venom, 361, 427 

417 


405 

Cocainism, 40S 
Cocarboxylase, 592 
Coccidiomycosis, 822 
Cocculus indicus, 389 
Cochineal, 215 

Cochlea, effect of quinine on, 701 
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Cocoa, 394, 402 
Codamine, 329 
Codeine, 330, 332 -334 
addiction to, 34S 
dose of, 35 1 
preparations of, 355 
therapeutic use of, 351-355 
use of, as analgesic, 351 
Cod-liver oil, 580 
assay of, 40 
preparations of, 589 
use of, in ricket3, 00G, 608 
vitamin D in, 605 
Lo-enzyme II, 590 
Coffee, 391, 402 
Coffeon, 402 
Cola nut, 394 
Colchjceine, 606 
Colchici cormus, 609 
semen, 669 
Colchicina, 669 
Colchicine, 666-669 
Colchicum, C6G-669 
autumnale, 660 
preparations of, 669 
symptoms following use of, GG6 


sponge, treatment by, in fever. 0S5 
Cojeoptera, 204 
Colic, 62 
lead, 126 

Cohca pictonum, 126 
saturnma, 126 

Colitis, from mercury poisoning, 136 
Collargol, 789 
Collodia, 37, 1 96 
Collodion, 197 
Collodium, 197 
flexile, 197 

Colloids, as demulcent 1 !, 191-102 
protective action of, 773 
Colocynth, 236 


Convuhant, metrazol as, 392 
picrotovin os, 3S9 
use of, in psychiatry, 392 
Convulsions, induced by camphor, 211 
by ether, 2S6 
by insulin, 559 
by magnesium salts in, 65 
by strychnine, 3S0 381 
Convulsive. Set Convulsant 
Copaiba, oil of, 207 
Copnvin, 353 
Copper arsenite, 1C6 
chloride, 117 
chronic poisoning by, 1 16 
salts of, 115-118 
absorption of, 116 
therapeutic use of, 117 
tovicology of, 116, 118 
sulfate, use of, in phosphorus poison- 
ing, 190 
Commine. 392-393 
ICoriamyrfin, 389 
j Coriander, 21 G 
I Coriaria, 3S9 
Corn-cockle, 656 
Corn-salves, 695 

Coronary occlusion, use of morphine in, 
354 

Coronilla, 612 
Corrosives, acds as, 87, 90 
alcohol as, 253 
arsenic as, 171 
copperas, 117 
heavy metals as, 102 
I sublimate, 145 

use of, ns antiseptic, 7S5-7S6 
Cortin, 553, 554 
Corydahs cava, 365 
Corynnnthe vohimbi, 659 
Cotarnine, 658 
Cotton-seed oil, 195 
Cough, use of opiates in, 352 
use of squill in, 636 

Counter-irritants, mechanism of action 
of, 199-200 

‘ itntion, 197-1 9S 
Cinchon, 60S 
■ ' 5 
596 

:retion of, in vitamin E dc- 
>10 

hod, 134 


Condjloma, use of podophyllum in, 237 
v-ondy’s fluid, 792 
vonlcctiones, 37 
Confections, 37 
Conhydnne, 428 
Conifer*, 252, 207 
Coniine, 42S 
Connim maculatum, 428 
vjonvallaria mnialis, 612 
Convolvulin, 236 
Convulsant, cinchonidine as, 701 
cinchonamine as, 70-1 
insulin as, 562 


Cresatin, 784 
Crcsols, 783 7«4 
Cresotmic acid, 693 
Cress lie acids. 7S3-7S4 
Cretinism, 546 
treatment of, 547 
Crotalus antitoxin, 819 
Crotin, 822, 823 
Croton oil, as postulant, J98 
tiglium, 823 
Crucifenr, 207 
i Cryptopine, 329 
Cryptorchidism, 564 
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Cryptoxanthin, 5^5 
Coital violet, 707, M)2 
Cubcb?, oil of, 2J7 
Cupping, 202 
Cupreine, 701 
Capri sulfa?, 1 IS 
Curare, -123 -127 

ns antagonist to physortijtmme, 432 
therapeutic u-c of, 420 
use or, in nncylhe-da, 300 
Curd soap, 190 
Ctirine, 423 
Currier’s sumach, 3^9 
Cu*«o, 75S 
Cutol, 122 

Cyanide, poi-oning by, 003 
treatment of, G05 GOO 


following U'C of ncol.amlid, G73 
Cyclamen curnpcwn, 050 
Cyclopropane, 303 301 
Cycloprupanurn, 301 
Cvmnrin, GI5 
Cyrnaruse. G14 
Cynortonine, 053 
Cyrvthilene, 29.3 
Cy-titH. S2 

we of methennmine in, M)s 
u-.* of silver wit? in, 131 
Cvti-ine, 420 
CytioH lthuriium, I2'» 

*ropariu«, -I2>. 120 
Cyro-lmiute, 107 
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I) skis’* s 'lotion, 799 
Datum, 401 
Dinmitnium, 403 
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Dei's'tj MiRtlaniip, 013 
I ><-ol tonga**, 3^9 
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Dcprts.-s.ant, alcohol a?, of central nerv- 
ous system, 210 
reference? to, 232 
Depression, by time?, 13 
Dermatitis, following sulfonamide tier- 
apy, 73o 

Dermatology, use of drugs in, S02-S07 
Desiccated thyroid, action of, 3-12 -5 IS 
preparations of, 51** 
therapeutic use of, 515-519 
Dc--w-~t - ■ - . rv\ ;*■ 

u . ■ ’ .* ■ “ : ■ 1 337 

Del - . • • . ■••,777 

Deuterium oxide, 40 
Dc\tro«e, 214 
preparations of, 47 
DcxtKHuni, 214 
urn «'v 

7 

•ituitary extract in, 


induction of, by alloxan, 303 
treatment of, 500 501 
use of jcilicv late? in, fiVS 
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Di iphorctic, we of ijXYncuanhn as, 720 
u-c of opium a?, 333 
Diarrhea, and rnlritim alworptiofi, Ml 
u*e of Iwrnuth salt? in, 157 
we of hydrochloric arid in, S9 
u-»e of nurgatiir? in, 23*> 

Diarvnol, IV) 

Divonr, 731 
Dhuvc, 222 
Dile-nrothiarine, "♦>" 

Dibururw, 414 
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Puiverata, 640 
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Dihyfci e i non ?. 350 
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45S 


<{49 

dose of, 351 
D , g£ “se of, 354 
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n!£4« B ° bo fe um ktum, 757 
Diodoqum, 724-725 
iJioxyanthranoI, 804 
JJioxybenzoic acid, 692 
Djoxybcnzols, S05 
Discs, 3S 
Diseptal A, 732 
B, 732 

I C, 731 

Disinfectants, 771-814 
heavy metals as, 104 

DiSl„f?3T‘ !erSP “ !li ' dr "-" s 


( Diuretics, acetates ns, 84 
caffeine as, 39S-399 
citrates as, 84 
digitalis as, 636 
mercury as, 142 
minor, 403 
saline, 52-53 
Diuretin, 400 
Divinyl ether, 292-293 
Dolantin, 358-361 
Donovan’s solution, 17 7, 17S 
Doiyl, 449 

Dose, by Dilhng’s formula, 25 
effect of age on, 25 
effect of sex on, 25 


action of, 13 

K neral, IS 
al, 18 
remote, 18 


definition of 
depressing, ] 
disguising Li 
distribution i 
do«e of, offer 
effect of ni 
effects of, aft 
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Drug?. effects of, nw and, 23 
cumulative, 27 
condition* modifying, 23 
idiosyncrasy to, 2G 
menstruation and, 25 
in pathological conditions, 2S 
fex and, 25 
synergistic, 27_ 
tune of administration of, 2G 
tolerance to, 2G 
effect of lactation on, 25 
elective affinity of, IS 
general action* of, IS 
nvpodermie injection of, 32 
idiosyncrasy to, 2G 
inhalation of, 31 
irritation by, 15 
1,0* of, 21 

local action of, 29, 191 
lungs and, 31 

mechanism of action of, 19 
method of action of, 15 
methods of administration of, 29 
optical isomerism in, 21 
oral administration of, 30 
pharmacological action of, 20 
rate of absorption of, 30 
rectal administration of, 31 
remote actions of, IS 
akin and, 29, 31 
stimulating. 15 
standard preparations of, 39 
sublingual absorption of, 31 
M'ncrgiim of, 27 
tolerance to, 2*» 
u*c of, in pregnancy, 25 
,<<( flier under specific items. 
Dryobnhnops ammatirn, 210 
Drioptr ris litix-rnns, 75s 
l).tut»ociirnrin*% 423 
Oulensii, 4 I 
hop\\f»»!ii, 429 

tnjoporm Ira, jGj 

IViittng bismuth Kilts as, 155 

»Mme-mnt«tmng, 79 s * 
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Dies, amdim*, as anti^pti^, MU 
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Eccoprotic, 225 
Ecgomnc, 405 

Eclampsia, u*c of avertin in, 300 
use of magnesium sulfate in, GO 
use of veratum viride in, G50 
Eczema, nickel, 149 
use of chrywtrohin in, $03 
Edema, or larynx, SS 
pulmonary, iuc of oxygen in, 91 
use of calomel in, 140, 142 
Effusions, use of salicylates in, 095 
Egg, use of, for preparing vaccines, $17 
Ehrlich, 22, 1S2, 914 
“Ehrlich’s GOG," ISO 
Elder Go^er, 2\G 

Electrocardiogram, effect of digit.alu on, 
, 02G 


Elixir aroin.aticmn, 217, 2GS 
glyrvrrh'u.T, 217 
Elixiria, 37 


antimony salfs us, 100-102 
nfiomorjihine ns, 301 
ropperns, 117 
emetine ns, 71S 
ipecacuanha ns, 720 
mustard ns, 203 
ritie Kilts ns, 11(1 

Emelina* ct bjsmuthi iodide m. 721 
hydroehloriduin, 721 

Emetine, 717-721 
nrtitin of { 717 
bismuth iodide, 721 
preparations t-f, 721 
th*'mj"‘Utic uses of, 720 

Emodm. 233 

Emollients. 193-197 
j raptor ml a*, 23 1 
, tl.erats-utlr u<s of, 19 1 
t ns vrf>irlr», 191 
i Emph>s<nn. is-rf- t» r o\yg**n i R . 91 
) EmpHstra, 5a 

( 1 juplftrurn rsdiphonU, l’-s» 

1 •in.ap.s, t?n 

; f.m-iba, fr; 

Efi 210, f/71 
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use of demulcents In, 192 
fcntameba histolytica, 719, 720 
enterobiasis, 757, 763 
use of gentian violet in, ?G7 
enterobius vermicularis, 757, 763 
fcnzvmes, effect of formaldehyde on 
effect of mercury on, 140 
effect of quinine on, 099 
effect of salicylates on, 6S9 
digestive, 220 
magnesium in, G5 
pancreatic, 221 
vegetable, 221 

Eph^ra, <? 497 iCr 
Ephedrine, 497-499 
mechanism of action of, 493 
methyf derivative of, 500 
preparations of, 499 
therapeutic uses of, 499 
r> , , m alcoholic intoxication, 205 
Epidermophytosis, 754 
u^c of copper salts in, 1 17 
Epilepsy, drugs used in, 373-379 
irom use of absinthe, 209 
use of bromides in, 371 
of diphonhvdantoin in, 375 
of nitrites in, 04S 
T . . of Phenobarbiml in, 370 
Epi'icnc, 500 
Epinephrine, 13, 4S5-497 
antagonism of quinine and, 700 
of, 39 _ 


lion, j;o 

therapeutic uses of, 491 
toxicology of, 403 

j* ’!*? °-’ 'V th * 0f,a i anesthetics, 410 
, V rom a ' e of <«Iiejbtes, 090 
Ep'orn Mils, 239, 210 
{•/P u Jenin, 506 
Equifin, 566 
M m nine, 70G 

mcrctirl-il, 133, 141 
Ergme, 5r>9 
{ rgof>x, m e, 60S 

Erk*ocjir>>i„ ( 507 
ErgtKhxinc, 5t>9 
{, nm^ri,t,nc, 50S 
Erg-^rUtimniv, SOS 
ErpiRasin, 507 

EWmejniie, 50*. aig 
* * >TI etnninc, ,V)x 


j * ‘ I’lnijirje, .vis 
.;Of >1 onarntne, ,MV> 

‘•rc no\ n e, 50s* 

of, fits fiir, 


Ergosterol, 000-007 
Ergostetrine, 50S 
Ergot, alkaloids of, 507-51 9 
action of, 511-510 
assay of, 39, 51G 
chemistry of, 507-509 
preparations of, 518 
therapeutic uses of, 510 517 
toxicology of, 509 510 
810 Ergotamine, 507 50S 

therapeutic Use of, 517 
Ergotamimne, 503 
Ergot hiomnc, 507 
Ergotimne, 507-50S 
Ergotism, 509 510 
Ergotocine, 503 
Ergotoxmc, 50.3, 511, 51S 
cthanesulphonate, 61S 
Ergotmtc, 518 
Errhtncs, 29 
Erysipelas. 73S 
streptococcus antitoxin, 819 
Erythntjl tetramtri*, 050 
Erythrol tctramtntc, 0(2, 613, 050 


Esttvo-aiitumnal malaria, «01 
Estradiol, 505 500 
benzoate, 500 
Estradiohs benma", 509 
Estnol, 565 500 
glj curumde. 566 

■ Estroirens, 565 570 
i chcmMrj of, 565 

pfi>sKilog» of, 567 SOS 
preparations of. 569 570 
5\ ntheiic, 566 567 
t}icra;iciilic iw of. 568 569 
Estrone. 565 566 
sulfate, 560 
Eilrumim. SCO 
' Ethanol S'f Ethsl alcohol. 

| Ether, net ion of, 272 
i ns anesthetic. 2'''*_316 
' «\inplof , is r/, 270 
effect of, «>n hi *'»!, 279 

■ .on hl'xxl tc'«r , j. 27^ 
on heart. 277 

on pupil. 2^6 

i exercli »n o f . 2*3 
preparati >r.s of. 293 ^ 
rr'ereire-s t«». 291 ?15 
r r, 291 

f t) m)l r*'raif*oh_566 
t^Io^'ero'te, 570 
KliUNV!. 25? 

»!•*» rpt» n - A 



SM 


INDEX 


I.tlijl alcohol. Mood content of, nnd 
degree of inioxirat ion, 2,13 
chronic u -c of, 283 
effect of, on brxlv temj>eralure, 202 
on growth, 2GO 
on progeny, 2 <K) 

on susceptibility to infections, 201 
excretion of, 23S 
ns food, 250 

hepatotoxie effects of, 2GI 
metabolism of, 200 
preparations of, 2ftS 
references to, 2GS-2G9 
therapeutic mes of, 205 
tolerance to, 202 
treatment of intoxication by, 2G5 
use of, us disinfectant, 77S 
ns vehicle, 2G0 
nrninobenzoate, *115 
npoctiprcinc, 701 
bromide, 293 
carbamate, 31-1 
rlnnlnmo^rite, G51 
chloride, 201 

ns lo^al anesthetic, 202 
dichhirnrdnr, 2'K» 
ether. >Vr J.’ther. 
hydroeupreine, 701, 701 
irxbncrtate, 206 
tncniritM(Ki!ic}Lltc ( 788 
morphine, 350,*355 
mtnt<% tilS 

oxide, 291 

Milfathurohs 731 
r.th\|enr, as jifirstbi'ti-, 300-303 
dibrtimide, 20 
teinirliluride, “GO 
I’uc-iine, -113 -IH 
Kmah ptol, 2JG 
I.*ue 4 hp*tn, 227 
Oil of, 2H 

f>icatrupiri*s |GI, 4s2 

f.umd-d, .r/» . 

l.mhiXirw*. 7!*\ 

I .op not. 21 S 
I9m»»drir.e, -p»l 
ne*i»n«if, 177 17s 
J*Uph<iM»»- a ''id. 2>> 

I uph *!»•«. C*y; 
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Ex per to rants. npomorphine as, 3G| 
liak-im of Tolu as, Mj 7 
benzoic ncid sis, 097 
benzoin as, S07 
camphor ns, 213 
ipecacuanha ns, 720 
pilocatpinc ns, 402 
potassium bicarbonate ns, 82 
squill as, 037 
tar A3, SOG 
Ilxtrnctn, 37 
liquida, 37 
Extracts, 37 
flavoring, 215 
Extract urn cinchona*, 707 
hejntts, 578 
liquidmn, .778 
eiccnm, 578 
malti, 2M 

cum oleo vitnminato, 5S9 
pituitarii liqttidurn, 510 
Ilxtmiin, 579 

Extra systoles, induced by tfifrit-nlis, 027 
Eye. in nrilxdlnvhiosi*, 593 
efTert of chloroform on, 2s0 
of cocaine on, 410 
of digitalis on, 017 
of ifmitronhenal on, CG0 
of epinephrine on, 191 
of ether on, 2sQ 
of methyl alcohol on, 267 
of naphtha! on, 80 1 
of quinine on, 701 
of .salicylates on, 090 
Mercury ointments for u'c in, 1 1 1 
spertae/od, in ml, GW 
•W alio utuirr Njxvdfic drtip. 
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1‘tlNTlvO, n-f of net-tie n'-id in, Id 

familial ;*frio>/i<- nirnli •t*, 55 , 
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i V rrr,m f •» S<* Eat ytt *~i 
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Fibnn, fo-im, 5^2 
banian Wood, b20 

Fi'jntio^en, 5v2 

Fici a, 737, 703, 767 

r is, 221 „ . 

W'txrd, 70, 
nUn.vs«, 163 
1'ilieie a ail, 75* 

IVavniM, TO 4 ', 70S 
J'llrrvsron, 7*»V 
l sSirate factor, 53S ^ 

Ki'rui Uunfoha, 707 . t rjv . 

IVli-oil, m source of \Uamm D, W* 
n-4va*]>t(iic nod, 73S 
Ilswptditi, To*' 

Jl-wouf-*, GO I 
n-ivnmiK nulMancc, 21a 
VlavoTanthiH, 0 V 5 
iiuidcxira'-ta, 37 
11 37 

73V 

lluontlc^, OS f.n 

ITiUer. luincuhr, usr of diptaUi in. w 
nii-u W.rr.sm 
Kumrtjl, Sift 
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Gly centum nmyli, 193 
boroglycerini, 791 
Glyccronhosplmtcs, 244 
Glyceryl trinitrate, 6-17 
Glycine, GOG 

Glycocol-phcnetidinc, G7-1 
Glycosides, 34 
Glycuronic acid, 09G 
Glycyrrhiza, 193 
Glycyrrhizin, 193 
Gnoscopine, 329 
Goa powder, 803 
Goitre. See Thyroid. 

Goitrogenic drugs, 549 
Gold, salts of, 147 
sodium thiosulfate, 147 
Golden seal, G57 
Gonadotrophins, 5G3-5G4 
of pituitary, 529 
Gonorrhea, 737, 740 
treatment of vaginitis in, 5G9 
use of penicillin in, 748 
of permanganate in, 792 
of silver salts in f 7S9 
Gout, in lead poisoning, 129 
use of alkalies in, 82 
of colchicutn in, GG9 
of ncocinchophen in, G72 
Gramicidin, 753 
S, 753 

Gram-negative bacteria, action of sulfn- 
mylon on, 73 1^ 

Granuloma inguinale, 1G2 
use of podophyllum in, 237 
Graves’ disease, 73 
use of iodine in, 74 
use of radoactive iodine in, 75 
Gray powder, 14G 
Green hellebore, 054 
Gregory’s powder, 244 _ 

Growth, effect of arsenic on, 173 

Growth hormone, of pituitary, 52S-529 

Guaiacols, 805 

Guanidine, 457 

Guarana paste, 394 

Guinea worm, 707 

Gulomc acid, G02 

Gum acacia, 820 

Gumma, 74 

Gum-resins, 34 

Gums, hyperplasia of, following psc 
diphenylhydantoin, 377 
Gun-cotton, 196 
Gynergen, 517 
Gypsophila struthium, G5G 


H 

Habit, from sedatives and hypnotics, 
314-315 

Hffimatovylon, 227 
Hcemophilus influenza;, 744 
Haffnium, 152 
Hair, greying of, 599 
pigmentation of, 600 
Halazone, 813 


i Halibut-liver oil, 5SG, 5S9 
I Hamamclis, 227 
Hard soap, 190 
Harrington’s solution, 7SG 
Hashish, 3GI, 393 

Hay-fever, use of propadrinc in, 505 
Headache, use of acety Isalicylic acid in 
r G93, G95 


of nlcohol on, 257 
of anesthetics on, 27G 
of atropine on, 472 
of camphor on, 211 
of cyclopropane on, 30-1 •• v 

of digitalis on, G1S-G23 
of hypnotics on, 311-312 
of pamaquine on, 715 
of quinine on, 700 
of quinidinc on, 709 
of salicylates on, 690 
of sedatives on, 311-312 
hypertrophy of, effect of digitalis on, 
636 

regulatory nerves of, 431 
See also under specific drugs. 
Heart-block, induced by digitalis, G27-G29 
use of digitalis in, G37 
Heart disease, use of calomel in, 140 
use of oxygen in, 94 . 

Heart failure, effect of digitalis in, G20 
use of ammonia in, 86 
Heat, cramps, 50 
as disinfectant, 813 
Heavy water, 4G 
Helium, 100 

HcUcborus niger, G12, G54 
Hematics, 573 582 
Heniatoporphyrin, 12G, G62 _ 
Hcmatoporphyrinuria, following use oi 
6ulfonaI, 314 .. 

Hematuria, following use of mnnacnc 
acid, 809 _ 

Hemoglobinuria, follow ing use of quinine, 
702 

salicylates, 

u'J 

in phosphorus poisoning, 1SS 
Hemostatics, 5S2 

use of ferric chloride as, 113 
use of kephrine as, 504 
Hemp, 361 
Henbane, 4G3 
Hepaflavin, 594 
Hepar sulphuris, 70 
Heparin, 580 . . r71 

Hepatitis, from use of cinchopnen, o/i 
use of choline in, 445, G01 
Heredity, use of alcohol and, 260 
Heroin, 340 

Herpes, in arsenic poisoning, 168 
Herxheimer reaction, 178 
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gesperidin, 217, 604 
geterogenous syndrome, 21 

•SSSaas. 

gexamine, SOS 

HSoT^60 PrcparationS(584 

gexobarbitonum, 327 
Hexylresorcinol, 757, 766 
tr Preparations of, 76S 
g'PPUlm, 566 
gippuran, 77 
“ippuric acid, 69G 
„ test, 697 
Hirudin, 5S0 
gistaminase, 524 
Histamine, 519-525 
a ministration of, by iontophores 
drug antagonism to, 521 
therapeutic uses of, 525 
toxicity of 521 
“‘stone insulin, 561 
gock 26S 

{v^gkm’s disease, 206 
goffmanns drops, 291 
golocame, 414 
Homatropine, action of, 477 
chemistry of, 464 

HSZ'ESd%7 id0 '" 8 

goney, 214 
Hookworm, 757 

Use of carbon tetrr-*-' * • * --** 
Use of hexylresorci 
Use of thymol in, 7 
Hops, 268 
gordcura, 193 
gorchound, 216 
Hormones, 520-575 
chemistry of, 52G 
male, 571-573 

method of administration of, 527 
oee also under specific items, 
gycloritc, 800 
gycodan, 350 
gydnocarpic acid, 650-G51 
Hydnocarpus nnthclminticn, G50 
tI "JEhtinni, G50, G52 
Hydrngogue, 228 
nydrnrgyri bichloridum, 145, 7Sf> 
chloridum, 145 
mite, 145 

oxidum flivum, 145 
perch loridum, 7S7 
salicylas, 145 
succinimidum, 145 
Hydrargyrum, 145 
gydrastinc, 657-658 
Hydrastminc, C57-658 
Hydrastis 657 
cans deans 657 
Hydrates of alkalies 78 83 
Hydrochloric acid. 87, 00_ 

use of, in achlorhydria, 80 00 
Hydrocholoretics 222 
Hj'drocotanne, 329 


Hydrocyanic acid, 603-650 
action of, 6G4 

effect of, on metabolism, 665 
' ' ‘ ‘ * 3G 


suinue, ua 

Hydrogenu peroxidi, 791 
Hydrolysates, of protein, 821 
Hydrophobia, 816 
Hydroquinone, 692, 781, 805 
Hydrosulphunc acid, 69 
Hydrous wool-fat, 195 

u«e of, in 



action of, 476-477 
preparations of, 484 
therapeutic uses of, 481-482 ' 

Hyoscyamine, 4G3 
action of, ,475-470 
Hyoscyamus niger, 4G3 
Ilyoscyamus, preparations of, 4S3-484 
J Hypercalcemia, 550 


• | therapeutic use of, 324-325 


" ’ - tem- 

■ f Mil- 

tjulcs U>^ 

Ilvpolhy rotdtstn, 511, 510 
Hypotonic solution, 48 

1 

IrrLAjrn mf*s 193 
!-«*'■ • ' 


l<» ammopi nne, 677 


848 


IXDEX 


Idiosyncrasy to drugs, 20 
to quinine, 702 

Ileus, use of posterior-pituitary extract 
in, 530 

Ilex pamguayensis, 394 
Imidazole, derivative of, 507 
Immunity, active, 81G 
passive, 818 
Immunization, S16 
Impotence, use of yohimbine in, 059 
Indian squill, 64 1 
Infection, in avitaminosis, GQi 
effect of alcohol, on susceptibility to, 
264 

Infiltration anesthesia, 419 
Inflammation, chronic, 75 
local, treatment of, 202 
therapeutically induced, 201 
Influenza, use of analgesics in, 6SG 
vaccines for, 817 
Znfusa, 30 
Infusions, 3G 

Infusum concentmtum, 3G 
digitalis rcccns, 640 
rccens, 3G 

Injcctio diethylstilbestrolh, 509 
hepatis, 578 
insulinj 5G2 

insulini protaminati cum zinco, 5G2 
parathyroidei, 552 
quintan et urcthani, 70S 
Inorganic substances, action of, 43 
Inositol/ GOO 
Insecticides, G8, 814 
Insulin, 55S-5G2 
action of, 559-5G0 
administration of, 5G1 
assay of, 39, 40, 5G2 
chemistry of s 55S~559 
crystalline zinc, 501 
dosage of, 5G2 
globs n, 5G1 
preparations of, 502 
protamine, 5G1 
regular, 5G1 

therapeutic uses of, 560-5G1 
Insuhnum, 502 
Intermedin, 535 

Internal secretions. See Hormones. 
International unit r for carotene, 5S8 
ior gonadotropins, 504 
for penicillin, 745 
for vitamin A, 588 
for vitamin B, 593 
for vitamin D, 60S 
Interrenalin, 554 

Intestinal antiseptics, sulfonamides as, 
729-730 

Intestine, action of alkalies on, 79 
action of volatile oils on, 208 
in arsenic poisoning, 169 
effect of anesthetics on, 2S1 
of atropine on, 471 
of bismuth salts on, 1 55 
of heavy metals on, 105 
of mercury on, 139 
in phosphorus poisoning, 189 


Intestine, post-operative atony of, drugs 
in, 23 o 

use of antiseptics in, 775 
Intocostrin, 420-427 
use of, in anesthesia, 309 
Intoxication, by alcohol, 203 
blood concentration in, 255 
treatment of, 205 
by digitalis, G38 
Intravenous injection, 32 
Inunction, 32 
with mercury, 142 
Iocamfen, 79S 

Iodatcs, as oxidizing disinfectants, 795 
Iodides, 70-7G 
use of, in goitre, 74 
in malingering, 75 
in syphilis, 74 
Iodine, 70-70 
aqueous solution of, 78 
local use of, 75 
organic derivatives of, 7G 
radioactive, 75 
tincture of, 7S 
use of, ns antiseptic, 70G 
for diagnostic purposes, 77 
m radiography, 7G 
ttcak solution of, 78 
Iodism, 70 
lodoacctonc, 2QG 
Iodobehenate, 70 
Iodobenroic acid, G97 
lodobismitol, 158 
Iodo-casein, 542 

Iodo-chlor-hydroxyquinobne, 724 
Iodoform, 797-79S 
lodofornmm, 7QS 

Iodo-hydroxyquinoliue sulfonic acid, 723 
Iodol, 70S 
lodophthalcin, 230 

lodothyroglobulin, 542 , 

lodoxylum, 77 
Iodutn, 77 
Iontophoresis, 448 
Ipecac, 717-721 
Ipecacuanha, 717-721 
pulvcrata, 721 
use of, in alcoholism, 205 
Ipomcea, 246 
orizabenzis, 210 
purga, 24G 
Ipral, 318 
Irgamid, 731 
Iris, innervation of, 4GS 
Irish moss, 193 
Iren, 107-115 
absorption of, 109 
action of, 10S 
administration of, 112 
amount of, in body, 10S 
dosage of, 113 
excretion of, 109 
fate of, in body, 110 
pharmacology of, 107 
preparations of, 112, 114-115 
radioactive, 111 
reduced, 113 
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Iron, tlierapcutic use of, 111 
Irritants, local, alcohol as, 252 
therapeutic use of, 201 
Irritation, by drugs, 15 
Isinglass plaster, 196 
Iso-alfoxazine, 594 
Isonipecaine, 35S-3G1 
Isonitriles, 664 
Isopbysostigmine, 451 
Isopilocarpme, 459 
Isopropyl alcohol, as disinfecta 
apocupreine, 701 
Isopunicine, 759 
Isotonic solutions, therapeutic 
Isotopes, use of radioactive, 151 
Itchingj pilocarpine for relief of, 462 
Ivy, poison, 205 


i Kidnej, effect of nitriles, on, CI5 
j of sulfonamides on, 735 
i excretion of alcohol b> , 259 
I in phosphorus poisoning, 1S9 
I Kidnej stones, 82 
J Kieselguhr, 191, 197 
Kino, 226 


J 


Jalap, 230-237 
Jalapa, 246 
Jalapin,23G 
Japaconitinc, 652 
Jasmine, 42S 
JateoTrhiza palmata, 219 
Jaundice, hemorrhagic tendenc 
611 

Jaw, necrosis of, in mercury 
139 

in phosphorus poisoning, 
Jequirity, 823 
Jervine, 054, 656 
Jesuit’s drops, 807 
• Jimson weed, 403 
Juniper, 216 
oleum, 21G 
Juniperi, 216 


K 


KuWE, 673 
Kairoline, 673 
Kala arar, 162 
Kali nuts, 451 
Kamala, 75S 
Kaolin, 194, 227 
poultice of, 197 
ICava kava, 220 
Kephrinc, 501 
Keratitis, 595 
Keratomalacia, 5S7 
Keratosis, follicular, 587, 
Keso toxin, 758 


I L casei factor, 601 
Labarraqiie’e solution, 800 
Labiata?, 207 
Laburnum, 429 
Lacquer tree, 205 
Lacnmators, 20G 
Lactates, S3 __ , 


I atropina?, 4S4 
j physostigmina?, 458 
Lanatosidc, 015 
I C, therapeutic u«o or, 64(1 
' Lanolin, 195 
j Lanthanum, 152 
Lantliopmc, 329 
I^ippaconitinc. 653 
Larch tree, 179 
J Lard, 191 
i benzoinatcd, Ilk, 
j Larocainc, 413 414 
I Luidarunc, 329 
| Lauda n ti» me. 329, _65S 
Laudanum, 355, 3 V, 

Laughing g*i’. 295 
lavender, 216 
Laxative-*. 22> . 

1 fre alto under i>pcetfie Kern' 

“LLW 2t 
, lx*d. 123 t3t 
acetate, 131 
cohe, 1 26 

poisoning b>. 123-131 
treatment o', 130 
sugar of, 131 
tetraethjl. 129 
therapeutic «**• of, 12*1 
t net Ml. 129 

Irflt <!* hrgucron, «5«, .'*3, ■ 
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Lecithin, 44 1, G01 
action of saponins on, 63G 
Leishmaniasis, use of tartar emetic in, 102 
Lemon, 21 G 
juice, 92 
Lentin, 4 19 

Leprosy, use of chaulmoogra oil in, G50- 
051 

use of promin in, G51, 731 
Lcptazol, 392 
Lethal dose, of drugs, 2 1 
Leukemia, in benzol poisoning, G63 
chronic myelocytic, use of arsenic in, 
175 


Leukocytes, effect of quinine on, 099, 702 
Leukopenia, following sulfonamide ther- 
apy, 735 

use of folic acid in, 602 
Lcvulosc. 214 

Lichen planus, use of chrysarobin in, 803 
Lily of the valley, G12 
Lime, chlorinated, 813 
deficiency of, GO 
salts of, 59 
unslakcd, 813 
water, 02, G3 
Limes, juice of, 92 
Liniment, 37 
ammonia, 85 
camphor, 212, 213 
turpentine oil, 202 
Linimenta, 37 
Linimentum aconiti, G54 
camphoric, 241 
et saponis, 196 
chloroformi, 294 
saponis, 190 
mollis, _19G 
tcrcbinthinic, 203 
Linseed, 193 
Linum, 193 
Lipiodol, 7G 
radiologique, 77 

Lipotropic action, of choline, 444 
of inositol, G01 
Liquid, paraffin, 245 
petroleum, 215 
Liquidambar orientals, 807 
Liquor ammonite, 80 
calciferolis, 608 
cresolis saponatus, 784 
folliculi, 565 
formaldehydi, 811 
hepatis, 578 
hydrogenii peroxidi, 791 
fortior, 791 
iodi fortia, 797 
mitis, 797 
simplex, 797 


Liquores, 36 
Liquorice, root, 193 
use of, as demulcent, 193 
Lithium, salts of, 55 


Lithium, stibiotbiomalatc, 103 
Liver, amebic abscess of* 721 
cirrhosis of, GO I 
effect of alcohol on, 2G5 
of arsenic on, 172 
of chloroform on, 2S3 
of choline deficiency on, GDI 
of cincophcn on, G71 
of ether on, 2S3 
of mercury on, 140 
extracts of, in agranulocytosis, 677 
in phosphorus poisoning, 188-189 
preparations of, 575-578 
assay of, 40, 570 
dose of, 570 
therapeutic use of, 577 
of sulphur, 70 
use of, in anemia, 573-575 
Lobelia inflate, 429 
therapeutic use of, 437 
Lobchncr/129 

Local action, of drugs, 18, 29 
Ia>ca\ anesthetics, 494-423 


Lorctin, 721, 79S 
Losophnn, 79S 
Lotions, 37 
Lozenges, 3S 
Lugol’s solution, 74 
dose of, 75 
Luminol, 320-327 
Lumistcrol, GOO 
Lunasol, 789 
Lungs, drugs and, 31 
use of antiseptics in, 770 
Lupus erythematosus, use of gold in, 147 
Luteinizing hormone, of pituitary, 529 
Lycaconitine, G53 
Lymphogranuloma venereum, 73S 
Lymphoma, 200 
Lysergic acid, 50S-509 
Lysol, 783 
Lysozome, 755 
Lytta vesicatoria, 204 


M 


Ma huang, 497 
Mace oil, 216 

Magisterium bismuth), 159 
Magma, 3G 
magnesia), 246 

Magnesia, milk of, 83 ‘ 

Magnesii carhonas, 246 
liquor citratis, 246 
oxidum, 83, 246 
phosphas tribasicus, 83 
sulfas, 246 f . 

Magnesium, antagonism to calcium, « 
carbonate, as antacid, 81 
as cathartic, 239, 242 
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Magnesium, oxide, as antacid, 81 
as cathartic, 239, 242 
. phosphate, as antacid, 81 
preparations of, 83 
salts of, 65-66 
sulfate, as cathartic, 239 
therapeutic use of, 66 
trisilicate, as antacid, 81 

MnlnL-Snn 117 A 


Sol 

Menopause, use of testosterone in, 572 
Menorrhagia, use of progesterone m, 571 
Menstruation, effect of estrogen on, 569 
Mentha vmdis, 2IG 
Menthol, 210, 213 
Mepacriwe hydrocbloridum, 714 
methanosuiphonas, 714 
Mepacrinc, 711-714 


Muibuinauow, iuo 
Masked iron, 107 
Massx, 37 
Masses, 37 
Materia medica, 15 
May apple, 240 
Measles, vaccines for, 817 
Mccholine, 447-449 
MecholyJ, 447-449 
Meconidme, 329 
Medicated vinegars, 37 


15 


acute corrosive poisoning, 135 
and chalk. 145, 140 
compounds of, ns anti-optic*, 755 
ns diuretics. 142-143 
organic, 7S7-7SS 
contraindications to u-c of, 141 
distribution of, in body, 141 
elimination of, 141 
poisoning by, 135-13S 
treatment of, 144 
preparations of, 14.5-147 
ns purgative, 130 - 1 40, 142 
salicjlate, 145 
therapeutic u«cs of, 1 12 
Mcrphcnjl borate, 787 
nitrate, 7S7 
picrate, 7S7 
Mcraahl, 1 13 


-vieiuia, oo 

Menadione, 011 

Menadiom sodn bisulfas, 012 

Menapbthone, 012 
Memphtbonum, 012 
M^mtrca disease, 5 IS 

use of potassium salts in, 5o 
Meningitis, u*c of pcnicillinjn, 74 < 

M 


effect of nnltjn re lira on, f>79 
of cyanide on, 005 
of desiccated tbjroiil on, .511 
of epinephrine on, 4'C 
of quinine on, 703 
of rihej Lite* on, f/C 
of ntnchnine on, 

- ' ----- "f) 
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Metals, heavy, action of, 103 
' excretion of, 104 
local action of, IQl 
therapeutic u&e of, 100 
minor, 147-154 

Metamorphosis, acceleration of, by thy- 
roid, 545 
Mctamucil, 244 
Meta-oxybenzoie acid, G93 
Metnphen, 78S 
Methane, narcotics, 240 
Met hemoglobin, 062, 070 
Methemoglobinemia, following u*c of 
pamaquine, 715 
Methenamina, SOS 
Methcnntmnc, 80S 
Mcthiodal, 77 
Methionine, OQt, 821 
Methyl alcohol, 207-208 
nrbutin, 403 
bromide, 100 
coniine, 42S 

dihydrotnorphinonc, 330 
ephedrino, 5GG 
glycolic phenctidine, 074 
guanidine, 457 
hordenine, 429 
morphine, 350 
oxymethyf salicylate, 092 
rosamlin® chlorsdum, 70S 
rosanihne, 707 

salicylate, 087, GSS, 092, 095 
eclenide, 151 
sulfathmolc, 731 
stilphonal, 315 
teUuride, 151 
testosterone, 572, 573 
violet, 707, 802 
Methylated spirit, 2GS 
Methylene blue, use of, m cyanide poison- 
ing, 006 

hie thy Us salicylaa, 095 
Metopon, 350 
Metrazol, 392 

Metrorrhagia, use of progesterone in, 571 
Metvcainc, 413, 415 
Mexican scammony, 246 
Mcycr-Overton, theory of narcosis, 249- 
250 

Mezcrcum, 205 

Micro-aerophihc infections, use of zinc 
peroxide in, 791 

Migraine, use of caffeine in, 400 
use of ergotamine in, 517 
Mills, irradiated, 607 
of magnesia, 83 
na source of vitamin B, 500 
stimulation of secretion of, by posterior- 
pituitary liquid, 537 
Milks, 30 

Mineral waters, 244 
Miotic, pilocarpine as, 461 
Misfura magnesti hydroxrdi, 83 
Misturaj, 30 
Mithridatism, 26 
Mixtures, 30 
Molybdenum, 150 


Monilua albicans, 754 
Monkey, effect of estrogens in, 507 
Monkshood, 052 < 

Monomestrol, 56G 
Morphine sulfas, 355 
Morphine, absorption and excretion of, 
3U-343 

abstinence syndrome, 347 
action of, 331-334 
addiction to, 344-345 
treatment of, 34S 
chemistry of, 329-330 
chronic poisoning by, 345 
dose of, 351 

effect of, on alimcntar)’ canal, 338-340 
on metabolism, 341 
on smooth muscle', 340-341 
habit, 345-34S 
poisoning by, 343 
treatment of, 343-344 
symptoms from, 330-331 
tolerance to, 344-345 
use of, in anesthesia, 309 
in lead colic, 130 
Moss, Iceland, 393 
Irish, 193 
Mucilagincs, 30 
Mucibgo ncaci®, 193 
tragacanthaj, 193 

Mucous membranes, action of alcohol on, 
253 

Mucuna urens, 451 
Multiple myeloma, 20G 
Muscarine, 440-44 1 
toxicology of, 443 
Muscarine action, 441 
Muscle, action of caffeine on, 396 
dystrophy of, in vitamin K deficiency, 
009 

effect of alcohol on, 257 
of ammonium salts on, 57 
of quinine on, 700 
of veralrinc on, G55 
Mushrooms, poisonous, 440, 444 
Mustard, 203 
black, 203 
gas, 200 
nitrogen, 200 

Mutation, induced by colchicine, 6G9 
Myasthenia gravis, 55 

effect of quinine in, 700 
use of neostigmine in, 45G 
Mydriatic, use o f paredrinc as, 505 
Myocarditis, use of digitalis in, 635 
Myochrysine, 147 
Myoctonine, 653 
Myristica, 23 C 
Myristicre, 216 
Mynsticin, 207 
Myrosin, 203 
Myroxylon pereine, S07 
Myxedema, 541, 546 
treatment of, 547 

N 
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Nagai-camphor, 210 
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to curare, 424, 



opium group of, 309 
See also unaer specific drugs. 
Narcotine, 330, 658 
National Formulary, 35 
Necator americanus, 757 
Necatoriasis, 757 
Nematodes, 758 
Neoarsphenamina, 186 
Neoarsphenamine, 1S2 
toxicity tests of, 40 
Neocinchophen, 670-672 
Neocinchophenum, 672 
NeodiaTsenol, 182 
Neodymium, 152 
NecMopax, 77 
Neonal, 319 
Neoprontosil, 726 
Neosalvarsan, 182 
Neosilvol, 789 
Neostal, 319 
Neostam, 164 
Neostibosan, 164 
Neostigmine, 456-457 
as antidote to curare, 426, 427 
Neosynephrin, 503 
Nephritis, 73S 

in chromium poisoning, 148 
lead, 128 

magnesium sulfate in, 66 
in manganese poisoning, 149 


N 


sweet spirit of, 650 
Nitrates, 642 
as diuretics, 52 
toxicity of, 52 
Nitre, 649 
Nitric acid, 87, 90 
Nitriles, 664 
Nitrites, 642-650 
action of, on circulation, 643 
on kidneys, 645 
on respiration, 645 
excretion of, 046 
preparations of, 649-650 
of sodium, 647 


mustards, 206 
Nitrogenii monoxidum, 300 
Nitroglycerin, 642-050 
action of, 647-649 
Nitromethane, 642 
Nitrous esters, 642 
oxide, 295 -300 
action or, 296 
as anesthetic, 299 


■f septum of, by 

nrconi^ If.O 


UtfJ, UJO 

use of aconitine in, C54 


jSee 


Xcocincophcn, 


carbonyl, 149 
Nicotiana tnbncum, 429 
Nieotin amide, 595-597 
Nicotinamidum, 597 
Nicotine, 429-437 
actions of, 430-43S 


j O 

I Oak, poison, 205 

Obesity, use of desiccated thyroid in, 547 
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Obesity, use of dinitrophenol in, 660 
Obstipation, use of desiccated thyroid for. 
548 

Oculenta, 38 
Oculentum cocaiwe, 422 
iodoformi, 79S 
(Enanfche crocata, 389 
(Enanthotoxin, 3S9 
(Estradiolis monobenzoas, 570 
(Estrone, 569 
CEstronum, 569 
Oidium asteroides, 754 
Oil, of asafetida, 213 
of birch, 216 
castor, 231 

of chenopodium, 757, 760 
of copaiba, 808 
cubebs, 80S 
ethereal, 207-209 
fusel, 268 
iodized, 77 
of mustard, 203 
of peppermint, 210 
of sandalwood, 80S 
of thyme, 760 
of turpentine, 202 
of valerian, 213 

of wintergreen, 216, 687, 6SS, 692 
of wormseed, 760 
of wormwood, 210 
volatile, 216 

as carminatives, 215-218 
as flavoring agents, 215-218 
malodorous, 213 
series, 207-209 
Ointments, 29, 38 
citrine, 144 
emollient, 194 
mercury, 144 
simple, 195 
white, 120, 195 
Old tuberculin, 41 
Oleander, 612 
Oleatum hydrargyri, 145 
Oleoresin, 34 

of aspidium, 757, 758-759 
, Olcorcsma aspidii, 768 
Oleovitamina A, 5S9 
A et D, 5S9 
D Synthetica, 60S 
Oleum amygdala; amanc, 216 
expressum, 195 
aurantii, 216 
cliaulmoogne, 651 
chenopodn, 70S 
gossypii seminis, 195 
hipnoglossi, 5S9 
by d nocarpi, 652 
iodatum, 76, 78 
iodisatum, 78 
lavandulre, 216 
limonis, 216 
morrhurc, 389 

non-destcrarmatum, 5S9 
olwa;, 193 

picis rectificatum, 806 
ricini, 244 


Oleum rosce, 216 
rosmarini, 216 

terebinthina; rectifactum, 203 ' 
theobromatis, 196 
vitaminatum, 589 


Omnopon, 351 
Onchocerciasis,' 164 
Ophthalmia, use of silver salts in, J 34, 
neonatorum, 134 
Opianic acid, 658 

Opisthotonus, in strychnine poison 
380 

Opium, 329-357 
addiction to, 344-345 
camphorated tincture of, 217 
chronic poisoning by, 345 
composition of, 329 
compound mixture of, 162 
compounds of, 350-351 
derivatives of, 329-355 
preparations of, 355-356 
references to, 356-35S 
therapeutic use of, 351-355 
dry extract of, 356 
granulatum, 355 
habit, 345-348 
poisoning by, 343 
treatment of, 343-344 
pulvuratum, 355 
tolerance' to, 344-345 

“ ' ' ■ * "'ng, 204 

n, 701 

Optical isomerism, 21 < 

Optochin, 704 
Orange, bitter,* peel, 216 
vitamin C content of, 603 
Ordeal bean, 451 
“Organic” jron, 107 
Organotropism, 772 
Ondine, 76 
Oriental sore, 102 
Orizaba jalap root, 246 
Ornithin, 697 
Ornithosis, 746 
Ornithuric acid, 696 
Orpiment, 165 
Ortal, 319 
Orthocaine, 422 
Orthocresol, 783 
Orthoform, 422 
Ortho-iodobenzoic acid, 697 
Oscinc, 4p4 
Osmicacid, 151 
Osmotic pressure, 44 
Osteitis fibrosa, 551 
Osteoblasts, 551 
Osteoclasts, 551 
Osteomalacia, GO, 61, C05, 60S 
Ouabagenin, 610 
Ouabain, G10, 640 
Quabainum, 640 
Ouabaio, 612, 610 
tree, 612 
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Ovale malaria, 704 
Ovoflavin, 594 

Ovum, effect of quinine on, 099 
Ox gall, 224 
OxaiateSj 67 
poisoning by, 62 
Oxalic acid, 91 
Oxford unit, of penicillin, 745 
Oxide, of magnesium, 243, 246 
Otidum nitrosum, 300 
Oxophenarsine, 183-184 
Oxy benzoic acid, 693 
Oxyearbanil, 683 
Oxygen, 92-95 
blood content, 93 
preparations of, 96 
therapeutic use of, 94-95 
toxicity of, 95 

Oxygen consumption, effect of ingestion 
of water on, 46 
Oxygenmm, 96 
Ovymcl soils, 641 
Oxy narco tine, 329 
Oxysantonins, 763 
Oxytocin, 531 
Oxyuriasis, 757 
Ozone, 95-96 


Pain, referred, 199-200 
Painters’ colic, 126 t 

Palsy, lead, 120-127 
Paludnne, 717 
Pamaquine naphtho-as, 716 
Pamaquine, 714-71C 
chemistry of, 714 
naphthoate, 716 
preparations of, 7tC 
therapeutic u'-es of, 7f5 
toxicity of, 715 
Pamaqumum, 716 
Pancreas, function of, 553 
Pancreatic ferments, 221 
Pancrcatin, 221 r n 

Pancreatrophic hormone, of pituitary. 
Pannic acid, 75S 
Pans)-, oil of, 209 
Pantopon, 35 1 
Pantothenic acid, 593-599 
Papain, 222 

Papavcr samiuferura, 329 
Papavcrnmme, 329 
Papavarme, 329, 330, 332, 349-3.r0 
therapeutic use of, 351 
Papava, 222 , 

Paprika, as source of vitamin C , 603 
Para-ammobcnzene sulfonamide. <~6, 
Pam-ammobenzoic acid, GOO, 733 
Para-aminophcnol, GT4 
Parachloromet aerosol, 784 
Paraeodm. 350 
Paraihhjdroxystilbcnc, 5GG 
Paraffin, 195 
liquid, 232 
Parafiinum, 195 
durum, 195 


Paraform, S10 
Paraguay tea, 394 
Paraldehyde, 313 
dose of, 325 

use of, in alcoholism, 265 
in deimum tremens, 2G4 
m obstetrics, 326 
Paraidch) dura, 315 
Paralysis from lead, J26 
Para-oxybeiuoic acid, 693 
Pararosamhne, 802 
Parasiticides, copperas, 117 
Parasitotrop^m, 772 
Parasympathetic si stem, depressant*! of, 
4G3-J85 

stimulants of, 440—162 
Parathyroid gland, 549-552 
extracts of, 550-552 
hormone of, 519-552 
preparations of, 552 
therapeutic u*-c of, 551-552 
relation of, to calcium metabolism, 550 
Para-toluene sulphonchloramide, 600 
Parednne, 505 
Paredrmol, 505-506 
Paregoric, 213, 352, 355, 3ofi, 69 1 
Paresis, 185 
Pans green, 166 

Parkinsonism, use of amphetamine in, out 
use of h> o-emc in, 481 
Paroxysmal auricular fibrillation, use of 
qumidine in, 709 
Parmh’s food, 115 

Pathological conditions, effects of on 
drug action. 2S 

Pathology, relation of, to pharmacolog) , 
14 

Patuhn, 754 
Paulhnia fcorbuis, 39 1 
Pawpa«, 222 
Payla, 659 
Paj tanmc, 059 
Paytme, 659 
Pectin, S20 
Pellagra, 595-596 
treatment of, 59» 

H'C of pynuoxme, in, o'J3 
PcUetierinai tannax, 70S 
Pelleuenne u 759 
tannate, 753 
Pellet?, 32, 3S 
of hormones, 527 
of testosterone, 

Pclhtorv, 220 
Pemphigus fio/ 

Pcnsim, 751 
Pemcdhn, 713-»5I 
absorption of, > «0 
action of, 715 
11.754 , 

chemWrj of,j4» 
excretion of, « 16 
P,7t4 
G. 711 

hist orj’ of, 743 
K, 744 
oral. 751 
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Penicillin, therapeutic use of, 747 
toxicity of, 747 
X, 744 

Penicillinase, 746 
Pemcilliura notatum, 743 
patulum, 754 
PeniHic acid, 744 
Pennyroyal, 209 
Pental, 293 

Pentamethylentetrazol, 392 
Pentaquine. See SN 13, 276. 
Pentnucleotide, 579-580 
use of, in agranulocytosis, 677 
Pentobarbital, 319, 327 
sodium, 319, 327 
soluble, 327 
Pentothal, 319 
use <*f *>«• « — *■' 

Pe 
Pe 

group, 220 
Peppermint, 216 
Pepsin, 220 
assay of, 40 
Percaine, 414 
Perchlorates, as oxidizing disinfectants 
795 

Perfnngens antitoxin, 41 
Perfume, volatile oils as, 207 
Pericarditis, constrictive, use of 
in, 637 

Periostitis, in mercury poisoning, 
in phosphorus poisoning, 188 
Peripioca graeca, 612, 616 
Periplogemn, 616 
Periston, 51, 820 

Peritonitis, use of penicillin ?48 

P„„ . , 792 


V ■ *-•' 

uuu 

Peroxide, of hydrogen, 790-79. 
Perpolitiones oryza?, 591 
Pethidine, 358-361 
Petrolates, 195 
Petrolatum, album, 195 
hquidum, 245 
We, 245 
Peyote, 362 
Pfeiffer bacillus, 744 
Phanodoro, 319, 328 
Pharmacognosy. 15 
Pharmacological action, 20 
general theories of, 19 
Pharmacological syndromes, 21 
Pharmacology, definition of. 13 
it relation of, to other medical sciences, 
13-15 

Pharmacopoeia, 35 
biological assay in, 39 
preparations of, 35 
Pharmacy, 15 
Pheasant's eye, 012 
Phemerol, 778 
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Phemitone, 327 
Phemi ton um, 327 
Phenacaine, 413-414 
Phenacetine. 674, 686 ,687 
toxicity ol, 676 
Phenacetinum, 687 

Phenanthrene, derivatives of, veratrine- 
action of, 655 

Phenarsone sulfoxylate, 184 
Phenazone, 673, 686, 687 
Pb^-o 


a JienoDarbitalum, 327 
Phenoeoll, 674 
Phenol liquefactum, 782 
substituted, 783-784 
toxicity of, 778-779 
use of. as disinfectant, 778-782 
Phenolphthalein, 235 



i * uuiyt mercuric borate, 787 
| chloride, 787 
nitrate, 787 
picrate, 787 

Phenylquinoline carboxylic acid, 669 

Phenvlsalicvin*- ■* 


I rnosphatase, blood, in rickets, 605 
[ Phosphates, 06-67 
action of, in body, 242 
blood, effect of parathyroid extract on, 
650 

of sodium, 243, 246 
Phosphine, 189 
Phosphoric acid, 67, 87, 91 
Phosphorus, 187-1 DO 
blood, in rickets, 605 # 

poisoning by, copperas antidote in, 117 
symptoms of, 18S 
treatment of, 189-190 
radioactive, 152, IDO 
u«e of therapeutically, 663 
relation of, to calcium, 60 
therapeutic use of, 1D0 
toxicology of, 188-189 
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739 


Picnc acid, 785 
Picropodophyllin, 236 
Pjcrotm, 3S9 
PicrotoMn, 389-391 
use of, in barbiturate poisoning, 324, 
391 

Picrotoxinm, 389 

Pigmentation, in arsenic poisoning, 16S 
Pills, 37 

Pilocarpine, 459—162 
therapeutic uses of, 401 
Pilocarpus, 459 
Pilulae, 37 
Pimpernel, 221 
Pimpinella amsuro, 216 
Pine tar, 806 
Pineapple, 221 
Pink root, 764 

Pinus palustris, 8 , 

Pinxvorm, 757 
Piper methisticun 
Piperidine, 220, 4 
Pipeline, 220 
Pipermic acid, 22( 

Pitocin, 531, 535 
Pitressin, 531, 53f 
Pituitanum poste 
./Pituitary, action 
tion, 567 ✓ 
anterior lobe of, 
extracts of, 51 
posterior lobe ol 
assay of, 39 
Pituitnn, 531-540 
Pitun plant, 429 
Pityriasis steatoides, 805 
Pix liquids, 806 
Pix pini, 806 
Placenta, function of, 568 
as source of antibodies, 819 
PJantago seed, 244 
Plantain, 244 
Plasma, human blood, 820 
Plasmochin See Pamaquine 
Plasmodium falciparum, 704 
malaria;, 704 
ovale, 704 
vnax, 704 

Plasmoquine. See Pamaquine 
Plaster, adhesixe, 196 
court, 196 
isinglass, 196 
lead, 196 

Plasters, 29, 38, 196 


I use of permanganate in, 792 
Poison oak, 205 

poisoning, with caustic alkalies, 82 
by phenol, 782 
use of demulcents in, 192 
See also under specific drugs 
Poisons, definition of, f3 
protoplasmic, 18 
See also specific drugs 
roljcythemia, induced by cobalt, 149 
treatment of, 663 
Polygala senega, 656 
, Polyneuritis, 591-592 
Polyploidy, induction of, by colchicine, 
CC9 

Polyuria, following use of salicylates, 691 
Pomegranate, 759 
preparations of, 7G8 


uroiiiiuuin, 
carbonas, 83 
chloras, 796 
citras, 84 
effen e s cens, 84 
lodidum, 77 
mtras, 53 
permanganas, 792 
et «odn tartra® 24G 
Potassium, action of, on heart, 54 
anti-curare action of, 426 
arsemte, 175 

bicarbonate, as antacid, 81 
bichromate, 148 
bt«mus tartrate, 158 
blood content of, 53 
chlorate, 794-796 
chloride, as diuretic, 52 
citrate, 81 
ferrocyanide, 101 
hexatantalate, 1C5 
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Potassium, hydrate, 83 
iodide, as diuretic, 52 
mercuric iodide, 7SG 
myronatc, 203 
permanganate, 791-792 
use of, in poison ivy dermatitis, 205 
r61e of, in nerve conduction, 54 
salts of, 53 
therapeutic use of, 55 
toxicity of, 54 
Potato, G57 
Poultices, 202 
mustard, 203 
See also Cataplasma. 

Powders, 38 
dusting, 194 
P-P factor, 595-597 * 

Praseodymium, 152 
Pregnancy, efTcct of, on use of drugs, 25 
use of calcium in, 61 
of iodides in, 74 
of vitamin D in, GOS 
Pregnandiol, 568 
Primula obconica, 205 
Privine, 507 

Proactinomyces gardneri, 753 
Proactinomycin, 753 
Procaine, 412 
use of, intravenously, 416 
Proflavin® sulphas, 802 
Proflavine, SOI 
sulfate, 801 
Progesterone, 570-571 
‘ ' physiology of, 568 
preparations of, 571 
therapeutic use of, 570 
Progestin, 570 
Prolactin, 529 
Promin, 731 
Prominal, 327 
Promizole, 731 
Prontosil, 726 
Propadrine, 504 
Propionyl choline, 447 • 
phenctidme. 674 
Propyl alcohol, 268 
use of, as disinfectant, 778 
Propyl piperidine, 428 
Propylene, 304 
Propylthiouracil, 548-549 
Prostigmin, 456 
Protamine, zinc insulin, 561 
Protargol, 789 
Protect! ves, 193-197 
Protein, hydrolysates of, 821 
metabolism of, in anesthesia, 283 
Protem silver, 789 
Prothrombin, 581, 582 
relation of to vitamin Iv, 610 
Frotocurarine, 423 
Frotocuridine, 423 
Protocurine, 423 
Protopine, 329 
Protoplasm poisons, 18 
Protoveratridine, 654 
Protoveratnne, 654, 056 
Provitamin A, 585-5S6 


Provitamin, D, 607 
Prunus laurocerasus, 663 
serotina, 216 
virginiana, 21 G 
1 Prussic acid, GG3 
Pseudaconitine, 652 
Fseudoergotinine, 509 
Pscudobyoscyamine, 464 
Pseudojervine, G54 
Pseudomonas aeruginosa, 753 
Pseudomorphinc, 329 
Psoriasis, 548 
use of chrysarobin in, 803 
use of vitamin D in, 60S 
Psychosis, following use, of bromides, 369 
of iodoform, 797- 
of quinacrine, 712 
Psychotria ipecacuanha, 717 
Fsychotrine, 717 
Psyllium, as laxative, 244 
Pulse rate, effect of alcohol on, 257 
of anesthetics on, 275 
of chloroform on, 275 
of epinephrine on, 488 
of ether on, 27 5 
of nitrites on, 643-644 
Pulveres, 38 
Pulvis chiniofoni, 725 
cret® aromaticus cum opio, 04 
compositus, 63 
effervescens compositus, 246 
ipecacuanha: et opii, 721 
Punica graVatum, 759 
Punicine, 759 

Pupil, action of atropine on, 469 
in anesthesia, 280 . 
effect of ergot on, 513 
regulation of, 435 
Purgatives. 228-247 
action ot, 229 
anthracene, 233-235 
classification of, 228 
contraindications to use of, 238 
drastic, 236 

mercury as, 139-140, 142 
revulsive action of { 231 
symptoms of, 22 8 
therapeutic use of, 237-238 
See also under specific items. 

Purines, 394 
Purple foxglove, 612 
Purpura, 62 

Purpurea glucoside A, 615 
B, 615 

Purpurea glycosides, 615 i 

Pustulants, 197 ' 

Putrescin, 507 
Pyelitis, 82 

use of silver salts in, 134 ! 

Pyelography, 77 
Pyocyanase, 753 
Pyocyanin, 753 
Pyramidon, 673 
Pyre thrum, 220, 814 
Pyribenzamine, 521 
Pyridine, 428 
Pyridoxine, 597-598 
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Pyrocatechin, 7Si, 805 
Pyrogaliol, S02 
Pyroxylin, 197 
Pyroxyhnum, 197 


Q 


Qcvrtan malaria, 704 
Quassia, 219 
amnra, 219 
Quassiins, 218 
Qucbrachamine, G59 
Qucbracliine, G59 
Quebracho, G59 
bianco, G59 

Quillaja saponaria, G5G 
Qumacrintc hydrochloridum, 714 
Quinacrme, 711-714 
absorption of, 712 
excretion of, 712 
hydrochloride, 711-714 
methyl sulfonate, 713, 714 
preparations of, 714 
soluble, 714 
therapeutic use of, 714 
toxicity of, 712 
Quince, seeds of, 193 
Quinetum, 71G 
Qumidintc sulfas, 711 
Quinidine, 703, 708-711 
action of, 709 
dosage of, 710 
preparations of, 711 
sulfate, 708-711 
therapeutic usfe of, 709 
Qmnina) icthylcarbonas, 707 
et mthyhc carbonas, 708 
bisulfas, 707, 708 
hydrochloridum, 707 
sulfas, 707, 70S 
tannas, 70S 

et urea; hvilrocliloridum, 707 
Quinine, 697-70S 
action of, G9S-? 01 
administration of, 70G 
as antipyretic, 673 
as bitter, 707 
ihdhydrochloride, 70G, 707 
dosage of, 70G 
as ecbob'c, 707 
ethylcarbonate, 70G, 707 
excretion of, 703 
idiosyncrasy to, 702 
as local anesthetic, 412, 707 
preparations of, 705 
ns sclerosing agent, 707 
sulfate, 70G, 707-70S 
tannate, 70G 
therapeutic use of, 704 
and urea hydrochloride, 707 
as local anesthetic, 415, 418 
Quinoline, G9S 

Quinoline, as antipyretic, 673 
QutnoxvJ, 723 
Quinuclidme ring, 60S 


I R 

Rabies, use of vaccine in, 816 
Ractfphedrine, 499 
Radium, 152 
Ranunculacere, 205 
Ratsbane, 176 

Realgar, 1G5 / 

von Recklinghausen’s ch«ea«e, of bone. 

^ 551 * 


of bromides on, 3G7 

Refrigeration, as method of anesthesia, 
^ 421 ^ ^ ^ 


llUli, uu 

Renal hthiasls, use of aluminum salts in, 
122 

Renoflavin, 594 < 

Reproductive system, relation of pitutt 
to, 528 

Resina podophylh, 24G 
Resins, 34 

Resistance, dev elopraent of, by trypano* 
somes, 18G 
Resorcin, 805 
Resorcinol, 805 
cns 


Reversal, of epinephrine action, by 
ergotoxine, 487 

Reversible action, of drugs, 17 
Rhamnose, G14 
Rhamnus purshiann, 245 
Rheum, 245 

Rheumatic fever, u«e of sahcjlatcs in, 
G93-C9I 

use of sulfonamides in, 740 
Rheumatic heart rJj'ra'c, use of digitalis 
in, G32 

Rheumatism, ure of ncocinchophcn in, 
G72 

Rhodanate, GGG 
Rhocadmc, 329 
Rhubarb, 23 1 
Rhus toxicodendron, 205 
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Rhus venenata, 205 
vernieifera, 205 
Riboflavin, 593-595 , 
chemistry of, 591 
effects of deficiency of, 591 
preparations of, 595 
therapeutic use of, 595 
Riboflavina, 595 
Riboflavinum, 595 
Ribose, 594 
Rice polishings, 591 
Ricin, 822 
Ricinolcic acid, 231 
Ricinus communis, 822 
Rickets, 605. 60S 
Rickettsial diseases, use of ' 
acid in, 600 
Ringer’s solution, 51 
Ringworm, use of chrysarobin in, 803 
Riodine, 76 
Risus sardonicus, 380 
Rochelle salt, 239, 246 - 
Rocky-Mountain spotted fever, COO 
Roentgenography, drugs used in, 76-77 
Rooms, disinfection of, 777, 810 
.Rosacea, use of resorcin in, 805 
llosic, 216 
Rosaniline, 802 
Rosmarini, 216 
Rosemary, 21G 
Rottlerin, 758 
Roundworm, 757, 763 
Ro\enol, 784 
Royal jelly, 599 
Rubefacients, 197 
alcohol as, 265 
ammonia as, 85 
chloroform as, 291 
mustard as, 203 
turpentine oil as, 202 
Rubidium, salts of, 55 
Rubijervine, 654 

Rutin, 604 __ 


Salicylates, nephrotoxic action of, 691 
preparations of, 695-696 
symptoms from use of, 688 
therapeutic use of, 693 
use of, as preservative, ‘095 
Salicylic acid, 687-695 
use of, as antiseptic, 687-688, 785 
Salicyluric acid, 692 

C*l’ — • — 

■f, 246 
of, 52 

. \>V<5 

IS'*l , V n n- - - - ‘ * ' )7 

■ poisoning, 139 

Salol, 687, G88 

Salt solutions, balanced, GO 

Saltpeter, 53 

Sait?, as diuretics, 52 v 

effect of hypertonic, 49 
effervescent preparations of, 246 
iodized, 74 
physiology of, 43-46 
therapeutic use of, 45, 50 
Salumin, 122 
Salvarsan, 180-182 
Salves, 29 
phenolated, 782 
Salyrgan, 143 
Salysal, 693 
Saroandaridine, 389 
Sandoptal, 320, 328 
Sanocrysin, 147 
Santonin, 757, 761-763 
preparations of, 768 
Santoninum, 708 
Sapo animahs, 196 
durus, 196 
mollis, 196 
viridis, 19G 


* S 

Saihdilm, 054 
Sabadine, 654 
Sabadimne, 654, 656 
Sabatrine, 654 / 

Sabmol, 207 
Saccharin, 215 
Saccharmum solubile, 215 
Sacharomyces sicci, 591 
Safrol, 207 ‘ 

Sage, oil of, 200 ‘ 

Sajodin, 76 . - . 

Salanace*, 263 
Salep, 193 
Sahcin, 687, 692 
SaUcinum, 696 
SalicyJ alcohol, 692 
phenetidine, 674 
Salicylates, 687-696 
do^c of, 694-695 
fatalities from, 689 
keratolytic action of, 695 
local action of, 687-688 



ouiuunoniae resina, 246 
Scammony, 236 
mexican, 246 
Scarlet fever, 740 
antitoxin, 819 
streptococcus toxin, 816 
[Scarlet R, 800 
red, 800 
sulfonate, 800 
Scheele’s green, 166 
Schick test, 821 
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Schistosomiasis, 163, 758 
Schizogony, 70 i 
Scbleieh’s solution, 419 
gchanocaulon officinale, 054 
Schultz-Charlton test, 82 1 
bchvvemfurt’s preen. 16G 
Scilla, GIO 
marititna, G12, GIG 
Scilfaren, GIG 
effect of, on kidney, G25 
bcilfandinc, GIG 
Scierosint* agent, 651 
quinine-urea as, 707 
beopanus, 403 
Scopine, *1G3 
Scopoia, G57 

Scopolamine, -1G3-1G1, 47G-477, 48 1 
use of, m anesthesia, 309 
ecopoha,'4G4 
Scopohne, 464 
Scrub typhus, GOO 
Scurvy, 602, GO 1-005 
Seatworm, 757 

Seborrhea, use of resorcin in, S05 
becale cereale, 507 
Seconal, 320 
Sedatives, 310-327 
preparations^, 327-328 
references to, 328 
tolerance to, 314 
use of apomorphine as, 364 
beidhtz powder, 243, 240 
Selenium, 150 
o'cychlonde, 151 
bemecarpus anacardium, 20G 
aempervinne, 428 
Senna, 234 
preparations of, 245 
Sennae fructus. 245 
Sensibamme, 509 
Soptentnonalme, G53 
Sera, 815-820 
antitoxic, 818 
blood, 820 
imimme { 818 


Shock. u=e of blood plasma in. 820 
Silver, 131-135 
nr^phen amine, 183 
colloidal preparations of, 789-790 
lactate, 789 

nitrate, u«e of, as antiseptic, 788-789 
pic rate, 7S0 
salts of, 131-135 
poisoning by, 132 
use of, as antiseptic, TS8 
Sihoi, 7 SO 

Pimm on ds’ disease, 529 
Sinapis nigra, 203 
Smigrm, 203 
Sippy treatment, 81 
Pi2e, effect of, on dose, 24 
Skin, anti-optics for u~e on, 802-807 
cancer of, from arsenic, 1G9 
disinfectants of, 774 
disorders of, ointments u^ed in, 144 
use of arsenic in, 1 75 
use of disinfectants in, 775 
from zinc, 120 
effect of alcohol on, 257 
of alkalies on, 79 
of ammonia on, 85 
of arsenic on, 170-171 
of camphor, on 210 
of iodine on, 73 
of mercury on, 139 
of resinous purges on, 237 
of sulfur on, 232 
of tartar emetic on, 161 
of vitamin A deficiency on, 587 
eruptions of, from hypnotics, 314 
from iodides, 71 


Sesquiterpenes! 207 

Setons 107 

17-hydrowcorticosterone, 55 
Sevum, 195 

Sex, effect of, on drug action, 
hormones, 5G3-504 
female, 501-571 
male, 571-573 
onaie, bituminous, 806 
hharkskin, 594 
Sherry, 2G8 

bnigclla paradysentery. 739 
of sulfonamides" in, 729 
fchock, surgical, 657 


I liniment, 196 
I soft, 19G 

use of, as disinfectant, / 77 
as suppository, 233 
Soap-bark, 65G 
Soap-root, 65G 
Soap-wort, G5G 
Sobisminol, 158 
Soda. See Sodium bicarbonate 
Fodu benzoas, G97 
biearbonas, 83 
boras, 79 1 
bipbosplias, 91 
bromidum, 373 
carbonai, S3 
[ cltra«, 84 
I morrhuas, 652 
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Sodii nitris, 650 
Phosphas, 246 
acidus, 91 
sajicyiatfs, 695 
sulfas, 240 

S °*K d P^sphate, 67,91 
a^Se ra i78’ t0 “' du “’ (!1 
aurothiosulfate, 147 
oarbitone, 327 
benzoate, 696-697 
bicarbonate. 80 
as antacid, 81 

bismuthate, 158 
borate, 792 
cacodyiate, 178 
° diur etic, 52 

Metabolism of, 48 


cit 

cj’anidb, 665 
dehydrocholate, 223 
Huorogieat®, 68 


nyposulhte, 811 
jodophippurate 77 

“S r 84 aCetatC ’ 77 
mandelate, 809 
morrhuate, 651 
nitrite, 647 

Peroxide, 791 

Pj? sp f late . use as cathartic 
potassium tartrate, 239 ’ 

salicylate 
succinate, u. 

324 

suifate, 239 
sulfite, 811 
sujfo-oleate, 806 
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239, 243 
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! Spearmint, 216 

s£2f de ? eye ' c °0 
I Spermaceti, 195 
Spermatogenesis, effect of 
[Spermatozoa, effect 3 m - - d on > 120 
Spider-bite, 62 * f qmnine on » 699 

SpigeJia, 764 

ISn™fe 7 °f . 


Of ammonia, 85, 86 
of camphor, 212 
of juniper, 217 
of nitroglycerin, 647 

£ty!isSS,oM 

frumenti, 268 

l . SR 53 ; a tau ' # “ 

||MTOgon^04 f qUinine °”' 70 °. ™3 

f^Pound syrup of, 162 

StMphy/o c S r dr “E s - 

| cillin in, 747 nfec,,ons . use of peni- 
aS,°?S| USail t it0 »n, 819 

72a°737 by ' Use ° f su, f a tbiazoie in, 

| toxoid, 817 

s , SI ? 4«“‘- i82 - is3 


Soit petrolate, 195 
soap 196 
golanidine, 657 
oolanine, 656-657 
oolanum, 657 
oolargentum, 789 
Solutol, 783 
Solveol, 783 
goporifics, 310-327 
gowbread, 656 
gpanish ffy, 204 
gparteine, 428 

*1 m sc °Parius, 428 
PM ' ‘horapcutic value of, 40, 49, 


I Q; e l rnutat °rs, 206 
I otibamine, 164 

l§«K an if ,c acid - J 64 

bt bophen, 163 16fi 
j gboosan, 164 
I ^Jfjnasteroi, 554 

/ Stilho I ? id 1 ine ' 18 « 

I Qpjbestrol, 5 gg 
StiJbccstrol, 570 

I 379^404 ° f CentraI nervous system, 

j |™uSo™ P y A-uS “°J iVity ' 44,M62 

(Stomach, «c,dof ,89 ’ 
nct|on of acids on 87 

“etion of demulcents on, 192 
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Stomach, disorders of, use of K 
salts in, I5G-157 
effect of anesthetics on, 2Sl 
of bismuth salts on, 155 
of heavy metals on. 105 
of mercury on, 130 
of volatile oils on, 203 
in phosphorus poisoning, 189 
Preparations of, 578-579 
assay of, 40 

Stomachic, use of quinine as, 707 
Stomachus pulvcratus, 579 
Stomatitis, mercurial, 136, 139 
Storax, 807 
Stovaine, 422 
Stovarsol, 185, 722 
Stramonium datura, 463 
preparations of, 483 
use of, in parkinsonism, 482 
Straub test, 338 
Slreptnmine, 751 
Streptidinc, 751 
Strcptobiosamine, 752 
Streptococcus, anerobic, 70S 
enterococcic, 738 
fecahs, C02, 739 

infection by, u«e of penicillin in, 747 
u«e of sulfanilamide in, 726, 737 
vindans, 746 
Streptomycin, 751-753 
, Strcptothncin, 753 
Strong} loides stercorahs, 757 
Strongyloidiasis, 757 
use of gentian violet in, 7C7 
Strongyloidosis, 757 
Strontium, 64 
Strophanthidin, Cl 5, 616 
Strophanthin, assay of, 39, 40 
therapeutic use of, 640 
Strophanthinum, G40 
G, C40 

Strophanthus, C40 
assay of, 40 
gratus, GIG 
hispidus, 612, 615 
komb<5, 612, G40 
Strychnin® sulfas, 38S 
Strychnine, 379-3S9 
action oi, 381-387 
poisoning by, 388 
preparations of, 3S8-3S9 
as stomachic bitter, 3SG 
synergism of, with physostigmine, 455 
therapeutic uses of, 3S7-3S8 


Stvrax“sb7 
benzoin, $07 
Suberic acid, GIG 

' 433 
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suet, iuo 
Sugar, 214 
of milk, 214 
Sulamj d, 730 
Sulfa drugs, 725-742 
Sulfa benz amine, 731 
Sul/acetimide, 730 
Sulfadiazine, 728, 742 
Sulfadiazinum, 742 
sodicum, 742 
sterile, 742 

Sulfaguaiudme, 729, 742 
Sulfaguanidinum, 742 
Sulfamerazinc, 728-729, 742 
Sulfamidochrysoidin, 720 
Sulfamylon, 731 
Sulfanilamide, 725, 727, 742 
derivativ es of, 725-742 
SuIfaniJamidum, 742 
Sulfandyl guanidine, 729, 742 
sulfanilamide, 731 
SuJfapyrazine, 729 
SulfapjTidme, 727, 742 
Sulfapyndmum. 742 
sodicum sterile, 742 
Suifarsphenamine, 183 
Sulfasuxidine, 730, 742 
Sulfathiazolum, 742 
sodicum, 742 
sterile, 742 

Sulfate, action of, in body, 242 
of magnesium, 239, 24G 
of sodium, 239, 240 
Sulfathiazole, 727-728, 742 
j Sulfhemoglobin, 69 
Sulfides, GS 

I Sulfobromophthalein, for hepatic function 
test, 822 


acetjlation of, 732 
action of, 732 
preparations of, 742 
therapeutic use of, 737 
toxicity of, 734 
use of, locally, 740 


U'e of, as laxntn e, 232 
Sulfuretted hydrocen, 69 
Sulfuric acid, 87, 90 
Sulfurous acid, anhjdnde of, 811 
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Sulphacetamidum, 742 
solubile, 742 
Sulphadiazina, 742 
solubilis, 742 
Suiphaguanidma, 742 
SuIphaniJamidum, 742 
Sulphapyridina, 742 
solubilis, 742 
Sulpharsphenamina, 187 
Sulpharsphenamine, 183 
assay of, 40 
Sulphas, sodii, 246 
efferi escens, 246 

Sulphates, use of, as purgatives, 242 
Sulphathiazolum, 742 
solubile, 742 
Sulphides, 68 
Sulphur, flowers of, 245 
prrecipitatum, 245 
sublimed, 245 
use of, as laxative, 232 
Sulphurated potassium, 70 
Sulphuretted hydrogen, 69 
Sulphuric acid, 87, 90 
Sundew, 221 

• • -(joy 


Suppositories, 30, 37 
glycerin, 233 

Suppositorium iodoforrai, 798 
phenolis, 782 
plumbi compositum, 356 
Suprarenine, 485 
Suprifen, 507 
Suramin, 186, 187 

Surgery, antiseptics used in, 777-802 
use of antiseptics in, 774 
Surgical bismuth paste, 789 
Sweat glands, action of epinephrine on, 
492 

Sweating, inhibition of, by atropine, 468 
Sweet spirits, of niter, 648 
Sympathetic system, stiinilants of, 485- 
505 

Sympathin, 494 
Sympatoi. 503 
Syncope, in anesthesia, 278 
Syndromes, heterogenous, 21 
pharmacological, 21 
Synephrin, 503 
Synergism, 27 
Synergists, 27 
Synthahn, 457 
Syntropan, 404, 482—483 
Syphilis, arsenicals used in, 179-187 
experimental, use of bismuth salts in, 
157 

use of bismuth salts in, 157-158 
of iodides m, 74 
of mercury in, 142 
of penicillin in, 749 
Syrup, 36, 214. 217 
of citric acid, 02 
Easton's, 115 
of ferrous Iodide, 78 
of ipecac, 721 


Syrup of ipecac, use in paroxysmal auri- 
cular tachycardia, 710 
of Tolu, 807 
of volatile oils, 217 
Syrupi, 36 
Syrupus, 214, 217 

fern phoephatis cum quinina et strych- 
nina, 70S 
picis pmi, 806 
scillce, 641 
tolutanus, 807 

T 

Tavelue dj'ethylstilbestrolis, 569 


‘ digitalis in, 

paroxysmal, use of quinidine in, 710 
sinus, 710 

ventricular, use of digitalis in; 637 
use of quinidine in, 710 
Tachyphylaxis, 498, 533 
Tachysterol, 606 
Tamia saginata, 757 
solium, 757 
Tamiasis saginata, 757 
solium, 757 
Taka-diastase, 22 2 
Talc, 194, 197 
Talcum purificatum, 197 
Tamarinds, as aperient, 214 
Tamarindus. 214 
Tannal, 122 

Tannate, of albumin, 226 
Tannic acid, 224-226 
preparations of, 227 
Tannins, 224-226 
Tapeworm, 757, 758, 759, 764 
Tar, 771 

as antiseptic, 805-806 
Tarhaktogcnos kurzii, 650 
Tartar emetic, 160-162 

2 

Taste, drugs affecting, 214-220 
Taurine, 222 
Tea, 394, 402 
Teeth, mottled, G8 
Tellurium, 150 . 

Temperature, body, in anesthesia, -8- 
effect of alcohol on, 2G2 
of antipyretics on, 679 
of mercury on, 141 
of quinine on, 703 
of saline cathartics on, 242 
Tempo rary conditions, effect of, on drug 
action, 25 

Teniacides, 757-769 
Terpenes, 207 

Terpin hvdrate, elixir of, 352 

Tcrpmeol, 213 

Terra silicea purificata, 197 
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j Tertian malaria, 701 
Tc«ticulir hormone, 571 
Testosterone. 572-573 
Tetanus, 7 1C 
antitoxin, 41, 8!9 
toxoid, 817 
u*-e of axertin In, 306 
j lctami«-pnx gangrene antitoxin, S19 
1 etanj , p irnthx roid, 550 
treatment of, fi'J 
u«e of cnlrium ■al(« in, 62 
Tetracaine, 4i:t-4I I 
TctrneMorrthvJrne. 757, 766 
* preparations of, 70S 
■ ,j®lmchlormcthnne, 768 
Tetrac Moron* thjlenum, 768 
ictmlndronaplithjlamine, 661 
I ictniiotlophcnolphtlialcin, 236 
!' I etrniodopvrrol, 70S 
1 nallmo, 673 
Thallium, 150 
poNoning by, 150 
Tliel^mc, 330, 3 19 
i licclin, 565 
T, heelol, 505 

Theobroma cacao, 196, 391 
llieobronime, 391-102 
Theocalrin. -100 
Thcocin, 391-101 
T icon, -102 


Tjiiamina* hvdrochlondi, 593 
ihiaminc, 591-593 
action of, 592 


; TI 

! 158 

I tniodiplj colchloride, 206 
, 'hiogljcoliamide, 1G2-1C3 
i i mopentone, 328 
I ihiouradl, 548-549 
j thiourea, 549 
■thorium, 152 
oxide, 152 
■ *hom apple, 4G3 
t _ 1 horotrast, 152 
[ 4,hrcaduonn, 757 
thrombin, 5S2 

i therapy^ topema, ^°^°" ln £ sulfonamide 

Thromboplastin, 5S2 
1 brush, 754 • 
t hujon, 207, 210, 3S9 
thyme, oil of, 7C0 I 

i nymol, 207 1 
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Thyroid gland, 540-54S 
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coicmei, ouy 
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tolutnna, 807 
Tincture, 37 
of iodine, 78 
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of volatile oils, 218 
Toad, secretions of, GIG 
Tobacco, 43S-140 
I deleterious effects of, 439 
Indian, 429 
Tocopherol, G09-G10 
Tolerance, 26 
acquired, 2G 
to alcohol, 202 
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scarlatina; streptococci cum, 818, 822 
tetanicum, 818 
detoxicatum, 818 
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Toxoids, 817 
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excretion of, 45 
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metabolism of, 43-46 
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therapeutic use of, 50 
m fever, 46 
Water drop wort, 389 
hemlock, 389 
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Xanthine-oxidase, 594 
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